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INTRODUCTION
The production of high quality foods continues to offer an
important challenge to livestock producers and animal scientists.
Trends in world population growth and increasing demands for animal
products emphasize the significance of the challenge.

People in many

countries of the world consume diets which are inadequate in quantity
and quality of nutrients.

The animal industry plays a major role as a

supplier of high quality foods such as
nutrition.

meat~

milk and eggs for human

Protein is perhaps the most important nutrient provided

by animal products because of its quality and availability in relation
to human needs.
Ruminants such as' cattle and sheep have the unique ability to
convert low quality feedstuffs to high quality food as animal products.
However, the nature of the digestive system and the processes which
occur in the rumen during fermentation contribute to a lower efficiency
of feed conversion in comparison to nonruminants.

Protein metabolism

is also inefficient in ruminants which contributes to a low conversion
rate of feed protein to higher quality animal protein.

On the other

hand, activities within the rumen such as degradation of dietary
protein and synthesis of microbial protein provide protein for digestion
and absorption in the lower digestive tract which may be considerably
different from that in the diet consumed.

Dietary proteins intact and

at different stages of degradation, nonprotein nitrogen compounds and
microbial protein pass to the small intestine.

The amount of feed
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protein which has not been degraded to ammonia or synthesized into
microbial protein is influenced by factors such as source of dietary
protein, solubility of the proteins, particle size of the feed and
amino acid composition as well as the level of protein in the diet.
The undegraded portion, referred to as "bypass proteins" or "escape
proteins," may -range from 20 to 60% of the total protein intake.
A number of experiments have been conducted to determine the
protein requirements of beef cattle and sheep under various types and
levels of production.

Because of changes in animal; feed and management

factors affecting the need and utilization of nutrients, protein and
other nutrient requirements need to be constantly evaluated.
studies form the basis for recommended daily

~llowances

Such

which appear to

give good performance under practical feeding conditions.

Many of the

studies have been concerned with protein requirements using feedstuffs
rich in protein as supplemental sources to diets low in this nutrient.
Research with protein sources indicates that solubility, rate
of degradation in the rumen and availability of carbohydrates in the
diet are important factors affecting bacterial protein synthesis.
Sources of preformed protein such as soybean meal, peanut meal and corn
gluten meal have been shown to be degraded at different rates in the
rumen, affecting the total level of utilization of this nutrient by
the ruminant.
The objective of this study was to evaluate some commercially
available sources of protein supplements in the diets for growing and
finishing lambs.

The supplements used were expected to be degraded at

3

different rates in the rumen.

If the principles concerning protein

solubility and rumina! degradation of proteins reported by other
investigators would be applicable, then response in terms of growth and
feed utilization would be a measure of the suitability of the supplements
for productive purposes.

Utilization of nutrients during adaptation

to the supplements and following adaptation were also objectives
undertaken to study the effect of these different protein supplements
on digestibility and nitrogen retention.
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REVIEW OF LITERATURE
The major purpose of the research for this thesis was to
evaluate various sources of supplemental protein by means of performance
and nitrogen utilization for growing and finishing lambs.

Performance

was evaluated by considering the effects of various protein sources on
weight gain and feed consumption.

Nitrogen utilization was also studied

to obtain data for use in interpreting results from feedlot studies.
However, there are some intrinsic

prop_~rties

of protein sources which

tend to enhance or decrease animal performance.

Properties of protein

sources such as solubility, amino acid composition and degradability in
the rumen are important factors which will influence animal performance.
Although the properties mentioned above were not specifically studied
in this experiment, this review will cover some of the most significant
work done in these areas to provide a better understanding of the effects
these properties may have on feed utilization and animal performance.
Protein Solubility and Ruminal Degradation
In the last 7 to 8 yr, a great deal of attention has been
focused upon the control of ruminal protein degradation.

The approach

has been to alter the protein source in such a way as to make the
protein less soluble and(or) less degradable in the rumen.

Numerous

experiments have involved tests for solubility, degradability, and
determination of digestibility of various sources of protein.

Efforts

to predict degradability of a protein in the rumen from solubility
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values have created considerable confusion and reported values have
been misleading in many instances.

The relationship of these parameters

is currently not well understood, although it appears that rumen
degradability correlates positively with solubility in the rumen.
This review will begin by defining solubility and degradability.
In some of the papers reviewed, the terms appeared to have been used
synonymously.

Some researchers reported in terms of solubility, while

others reported on degradability.
Soluble protein is defined as that portion of crude protein
which is soluble in a solvent solution.

The solvent may be water,

a buffered solution or autoclaved rumen fluid.

Soluble protein may be

considered to be essentia+ly the same as nonprotein nitrogen (NPN)
which would include ammonia, peptides, amides, amino acids and some
other nitrogen compounds of protein degradation.
Degradable protein is that portion of feed protein which is
attacked through proteolytic activity of rumen microorganisms.

Two

steps appear to be involved, (a) digestion to peptides, amino acids,
etc. and (b) deamination to ammonia and alpha keto acids.

Certain

amino acids may be incorporated into microbial cells without
deamination (Bergen, 1979).

NPN is usually rapidly degraded in the

rumen except in certain conditions.

Bergen et al. (1974) found that

soluble nitrogen from corn silage was poorly utilized in the rumen.
Even though degradability and solubility of nitrogen-containing
compounds are two distinct processes,

~t

is important to recognize

that, within the rumen, both processes occur simultaneously.

The real
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importance of these processes resides in the extent to which dietary
protein and other nitrogen-containing compounds are degraded or
solubilized.

The end products of these processes will be those utilized

in the rumen for microbial synthesis, be absorbed in the rumen or pass
to the lower part of the gut, with little or no change from the dietary
form, where they will be digested and absorbed.

Thus, it is evident

that the animal will have available in the lower gut a mixture of
products resulting from various stages of degradation and synthetic
activity.

At present, the major concern appears to be what is the

desirable mixture of nitrogen-containing products and protein sources
to be included in the diet for maximum protein utilization and animal
performance.
Protein solubility in conventional feedstuffs is largely
determined by the type of the proteins and nitrogenous compounds in
feedstuffs.

Albumins and globulins are the most soluble fractions of

proteins, while prolamins and glutelins are the most insoluble
fractions (Sniffen, 1974).
In forages most of the soluble protein is NPN.

Cereal grains

have albumins and globulins as the soluble protein fraction and the
prolamins and glutelins as the insoluble fraction.

While these proteins

vary among the cereal grains, their composition is largely that of the
insoluble proteins.

Wohlt et al. (1973a) reported that proteins

composed largely of albumins and globulins were higher in quality
(essential amino acids) than proteins

~ontaining

prolamins and glutelins.
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The maturity of plants at harvest affects the type of protein present
in the total plant and this influences solubility of the plant protein
(Waldo, 1968).

As forages increase in maturity, the protein fractions

(albumin, globulin, prolamin and glutelin) decrease and the NPN fraction
increases, resulting in a greater soluble nitrogen fraction.

Jones

(1973) reported that the opposite occurred for the grain portion of
cereal grain crops.

For example, immature high-moisture corn contained

more soluble nitrogen than the corresponding mature dry corn.
In addition to the protein components, the type of linkages
present in the amino acids may affect solubility of a proteinaceous
feed.

Mahadevan et al. (1979a) determined the rate of rumina! degrada-

tion of some highly purified and highly soluble proteins (casein, serum
albumin and ribonuclease A) and found that casein which does not have
sulfur-sulfur cross-linkages was degraded rapidly in an in vitro rumen
system.

Serum albumin and ribonuclease A which have the sulfur-sulfur

cross-linkages were degraded slowly.
The degradation process consists of proteolysis and deamination
by enzymes of microbial origin rather than of animal origin (Broderick,
1975, 1978).

Most of the proteolytic enzymes do not occur in a free

state in rumen fluid but are integral components of bacterial and
protozoal cells (Blackburn and Hobson, 1960).

Work carried out by

Blackburn and Hullah (1974) with pure strains of rumina! bacteria
indicated that these enzymes are bound to the outer surface of bacterial
cell wall.

Proteolysis is an active process and appears to be more a
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function of microbial cell numbers than of the level of protein or
other constituents in the diet (Annison et al., 1954).
Studies by Mangan (1972) with ovalbumin and Mahadevan et al.
(1979b) with serum albumin showed that these proteins were very
resistant to degradation in the rumen.

Based on the cyclical nature

of these proteins, the authors suggested that proteolytic activity
of ruminal microbes was due more to exo-peptidases than to endopeptidases.

Therefore, proteins such as ovalbumin without C- or N-

terminal amino acid residuals may be poor substrates for proteolytic
bacteria.
Solubility and degradation of proteins in the rumen vary among
feedstuffs.

Wohlt et al • . (1973a) measured protein solubility of protein

sources in Burroughs mineral buffer and found values for corn silage,
distilled dried grains, soybean meal, corn gluten meal and brewers
grains of 56, 26, 13, 7 and 3%, respectively.

They also showed degrada-

bility values for these feeds of 77, 63, 59, 56 and 51%, respectively.
Ely et al. (1967) reported a value of 30% degradability for zein protein.
The solubility of casein was reported by McDonald and Hall (1957) to be
93% and its degradability 90%.

Solubility and degradability values for

soybean meal of 16 and 77%, respectively, were reported by Kropp et al.
(1977), while Hume (1974) reported values of 16 and 39% for soybean
meal.

These data suggest a rather high positive correlation between

solubility and degradability.

Differences in methods used in determining

degradability may also result in
which are dissimilar.

value~

for the same protein source
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Factors Affecting Protein Degradability in the Rumen
According to Owens (1978), the correlation between buffer
solubility and rumen bypass explains less than one-third of the total
variability in protein degradation between sources.

Insolubility and

bypass appear generally related, but additional factors certainly
influence protein degradation in the rumen.

These factors include

bacterial and protozoal types and numbers, presence of certain drugs
or compounds, feed particle size and others that alter rumen retention
time such as density, wettability, feed intake, feed frequency, time
of · feeding, rumen turnover and method of processing the protein source
(Hume, 1970; Chalupa, 1975; Clark, 1975).
Solubility of natural sources of protein is determined by the
composition of protein classes present in the feedstuffs.

Feedstuffs

composed largely of albumins and globulins are normally more soluble
in rumen fluid than feedstuffs composed mainly of prolamins and
glutelins (Wohlt et al., 1973a).

Feedstuffs which are more soluble

in rumen fluid are generally degraded at a faster rate (Lewis, 1957;
Tagari et al., 1962).

Casein, for example, is very soluble and is

almost completely degraded when incubated in rumen contents (Chalmers
et al., 1954).

Furthermore, it has been demonstrated that casein has

only a 5.6 to 21.5 min half-life in the rumen (Mangan, 1972).

However,

zein, a corn protein, is very insoluble and 40 to 60% of this protein
escapes breakdown in the rumen (McDonald, 1954).
Heat treatment of soybean meal to reduce protein solubility
resulted in decreased protein degradation in the rumen (Glimp et al.,
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1967; Hudson et al., 1969; Goering and Waldo, 1974).

Chemical treatment

(tannic acid and formaldehyde) of feedstuffs has been reported to
decrease the solubility of proteins (Nishimuta et al., 1973) when
incubated in rumen fluid.

These treatments (tannic acid and formaldehyde)

also have been reported to decrease the rate of protein breakdown in the
rumen fluid (Nishimuta et al., 1973; Goering and Waldo, 1974).
Feeding high quality protein to ruminants is beneficial only
if it improves the pattern and quantity of amino acids reaching the
absorption sites (Chalmers and Synge, 1954; Hogan, 1975).

Poor quality

protein may be improved for ruminants if the microbial requirement for
nitrogen is adequate, because of the complementary amino acids supplied
from dietary protein and microbial synthesis (Orskov et al., 1971).
Increasing feed intake above maintenance requirements increased the
amount of protein escaping rumen degradation due to the consequent
increase in the turnover rate (Sniffen, 1974; Wohlt et al., 1976; Zinn.
and Owens, 1980).
Many feed processing methods either require or generate heat
which affects protein solubility (Waldo, 1968; Driedger et al., 1969;
Driedger and Hatfield, 1970; Waldo et al., 1973b).

Reducing solubility

of the dietary protein has decreased degradation of protein in the
rumen, resulting in increased weight gain, nitrogen retention and feed
efficiency (Clark et al., 1974; Nishimuta et al., 1974; Faichney and
White, 1977; Majdoub et al, 1978).
Proteins that escape rumen

fer~entation

are somewhat closely

related to those factors which regulate the passage of feed ingredients
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through the rumen, since a shorter retention time in the rumen allows
less time for microbial fermentation (Church, 1976; Bergen, 1979).
Reducing particle size of the diet, increasing feed intake, increasing
the frequency of feeding and a faster rate of rumina! degradation will
increase rumen turnover and hence affect degradability of proteins
(Balch and Campling, 1965).

Feeding diets which contain large

quantities of salts such as sodium chloride result in increased water
intake, leading to an increase in the rate of passage, lowering the
degradation time and increasing the amount of feed bypassed or escaping
degradation in the rumen (Hemsley, 1967).
Frequency of feeding (Hungate et al., 1971; Beever et al., 1972)
affected the site of digestion and absorption of proteins.

A reduced

flow of microbial protein was observed when more total nitrogen entered
the duodenum each day in animals fed hourly than in those fed twice a
day.

Increasing protein intake increased the quantity of protein by-

passing the rumen, enhancing the amount of protein reaching the lower
gut (Orskov et al., 1971; Hogan, 1975; Wohlt et al., 1976).
This same effect occurs when feed particle size is decreased,
because of an increase in the rate of passage and a decrease in

~ime

in

which the feed is in the rumen (Goering and Waldo, 1974; Sniffen, 1974;
Church, 1976).

Although the quality of protein fed does not affect the

- quality of microbial protein (Chalupa, 1975), the quality of protein
reaching the lower gut could be affected by degradation and influence
the nitrogen metabolism in the
Tagari, 1969).

ruminan~

(Whitelaw and Preston, 1963;

12

Most of the factors discussed here are interrelated.

The

extent in which they contribute to protein degradability in a given
condition will depend on how many of these factors are interacting and
on the magnitude of each factor acting simultaneously in the rumen.
Solubility and Degradaoility of NPN and
Sources of Preformed Protein
Various methods have been used to determine protein solubility
of feedstuffs.

In general, protein solubility has been shown to be

positively correlated with their rate of degradation in the rumen.
Several authors have shown different solubility values for

-

soybean meal, corn gluten meal, urea, wheat middlings and other sources
of protein.

Urea has been considered the most soluble source of

nitrogen for the ruminant animal.

It is 100% soluble and degraded

100% in the rumen (Wohlt et al., 1973a; Broderick, 1975; Chalupa,
1975).

Bergen (1979) measured rumen degradability of nitrogen and

suggested the formula !(soluble N) + .005(100- soluble N).

Based on

the results in the study, it was reported that nitrogen of corn gluten
feed was 18% soluble in rumen fluid and had a total degradation value
of 59%, while soybean meal had 13% soluble nitrogen and a total rumen
degradability of 56%.
val~es

Chalupa (1975) reported rumen degradability

of 90% for casein and 60% for soybean meal.

Klopfenstein et al.

(1974b) concluded that corn gluten meal incubated 4 h in rumen fluid
was degraded at a slower rate compared to soybean meal, urea and ureacorn gluten meal supplements.

Values of ammonia production per 100 ml
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of fluid were 43.96 mg for urea, 12.33 mg for soybean meal and 10.11 mg
for the corn gluten meal supplement (Klopfenstein et al., 1974a).
Studies by Sniffen et al. (1980) indicated that for the protein
of corn g"ruten meal 4.4% was soluble, 10.6% was acid-detergent fiber
bound and 85% was insoluble.

Values for soybean meal were 23.6% for

the soluble fraction, 1.8% for the acid-detergent fiber bound fraction
and 74.6% for the insoluble available fraction.

The authors explained

that more protein from less soluble corn gluten meal will escape
degradation in the rumen and be digested in the small intestine, thereby
increasing nitrogen utilization.
Methods Used

~

Decrease Protein Solubility

Studies on the effects of degree of proiein solubility on
nitrogen metabolism in ruminants generally indicate that degradation of
proteins in the rumen increase with solubility (Chalmers et al., 1954;
Lewis, 1957; Tagari et al., 1962; Hungate, 1966; Glimp et al., 1967;
Peter et al., 1971; Nishimuta et al., 1973; Klopfenstein and Krause,
1974).

The principle underlying solubility effects is the possibility

that high rumina! ammonia levels could result from rapid microbial
degradation of the soluble portion of the feed protein.

The subsequent

increased absorption of ammonia through the rumen wall would lead to
decreased efficiency in nitrogen utilization.

When the diet contains

a major portion of the protein in the soluble form, there will be a
smaller amount of more slowly degraded protein and thus less potential
for dietary protein to escape to the lower digestive tract.

' '7' ()• ,·.•. ....1. ()
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of feed protein escaping rumen degradation would be dependent not only
on the quantity of the slowly degraded protein but also on the rate of
degradation and the flow rates of liquids and solids from the rumen
(Crawford et al., 1978; Owens, 1978; Sniffen, 1980).

Annison et al.

(1954), Mangan (1972), Sniffen (1974) and Wohlt et al. (1973a) have
shown that sources of proteins which are highly soluble in the rumen
are subjected to rapid microbial attack and degradation as indicated
by a sharp rise in rumen ammonia levels shortly after feeding.

Church

(1979) also indicated that losses of nitrogen occur when ammonia levels
exceed the need of rumina! microorganisms because of absorption as
ammonia from the rumen and increases in urine excretion.
Sniffen (1974) and Wohlt et al. (1976) have demonstrated that
protein sources of low solubility will decrease nitrogen losses and
therefore improve nitrogen utilization.

Minimizing rumina! degradation

of proteins can improve nitrogen economy of ruminants by forcing rumen
microbes to use ammonia derived from NPN rather than from dietary
protein.

This will reduce losses which occur when dietary protein is

degraded to ammonia and transformed into microbial protein (Chalupa,
1978).

The efficiency of converting dietary crude protein into microbial

protein has been estimated to be only about 50% (Black, 1971).

These

estimates considered that not all the ammonia produced from rumina!
degradation of dietary protein is assimilated by rumen microbes.

Rumen

microbial cells contain 10 to 20% nonnutritious nucleic acid nitrogen
and have lower digestibility than many plant proteins not degraded in
the rumen.

On the other hand, the only digestion loss incurred with
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dietary protein not degraded in the rumen is that fraction not digested
and absorbed from the abomasum and small intestine (figure 1).

Bypassed

Degraded

Losses
Rumen

-----------------

Nucleic Acids
Undigested

0

20%

0

15%

100%-(App. dig.)

22%

Absorbable Protein

I

Figure 1. Losses incurred in obtaining absorbable
protein from crude protein, which bypasses the rumen,
versus dietary crude protein which is degraded in the
rumen and reformed into rumen microbial protein
(Chalupa, 1978).
Because of the beneficial responses obtained when protein and
amino acids were infused into the abomasum of ruminants (Schwab and
Satter, 1973; Schelling and Hatfield, 1968), methods of protecting
proteins and amino acids from microbial degradation have received
considerable emphasis.

Methods studied have included heat treatment,

chemical treatment and encapsulation of amino acids.

These methods have

been studied mainly with the idea of protecting protein and amino acids
from destruction in the rumen and allowing enzymatic digestion and
absorption in the abomasum and small intestine.

Procedures such as
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alteration of rumen metabolism and esophageal groove closure have also
been reported to decrease protein degradation in the rumen, allowing
a larger fraction of the dietary protein to pass to the lower tract and
subjected to enzymatic digestion and absorption.
Storage method can also increase or decrease the solubility of
proteins in some feedstuffs.

The storing of hay crop as unwilted silage

increases the solubility of protein.

Soluble nitrogen in unwilted hay

crop silage can be 60 to 70% of the total nitrogen, while the volatile
nitrogen can be 15 to 30% of the total nitrogen (Waldo, 1968).

Another

investigation carried out by Waldo et al. (1973a) showed that the
soluble nitrogen in direct-cut orchard grass increased 36% during silage
formation.
When corn grain is ensiled, the soluble nitrogen concentration
increases.

Jones (1973) found that ensiled corn grain had a soluble

nitrogen concentration of 42% compared with 25% for dry shelled corn.
The soluble nitrogen appears to be especially high for corn ensiled
with moisture content above 30%.

Soluble nitrogen of corn ensiled at

25% moisture was 26% but reached 63 % for that ensiled at 30% moisture
(Sprague and Breniman, 1969).
Heat Treatment
Heat treatment of feeds to increase protein utilization by
ruminants is perhaps the most common and widely used method for
protecting protein supplements against rumen degradation.

Heat

treatment results in cross-linking within and between protein molecules
mainly because of reactions between free amino acid groups

(~specially
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the E-amino group of lysine residue) and other reactive groups on amino
acid residues (Finley and Friedman, 1973).

Most feed proteins,

particularly those in grains and oil seed meals are generally present
along with relatively large amounts of carbohydrates.

By heating these

proteins in the presence of carbohydrates, the Schiff's base reaction
between free amino and aldehyde groups takes place.

This reaction

results in protein less susceptible to rumina! proteolytic attack by
physically changing the arrangement of protein components and by
blocking potential sites of enzymatic attack (Broderick, 1975).
Tagari et al. (1962) conducted a study on the effects of heat
treatment of soybean meal for ruminants.
to three different

degree~

of heating.

Soybean meal was subjected

-

That steamed at 120 C for

15 min was found to have lower solubility and ammonia formation in the
rumen and better nitrogen retention than those treatments in which
less heat and time were utilized.
Sherrod and Tillman (1962) conducted growth and metabolism
trials with wether lambs fed soybean and cottonseed meals autoclaved
at 120 C for varying lengths of time.

Heat treatment of both meals

decreased the overall protein diges tibility, reduced ruminal ammonia
concentration and urinary nitrogen losses while increasing nitrogen
retention and rate of gain.

In further experiments with growing sheep,

Sherrod and Tillman (1964) studied the effects of .six different heat
treatments on cottonseed meal by autoclaving for different time periods.
Results showed that with increasing heat treatment there was a linear
decrease in urinary nitrogen and a linear increase in fecal nitrogen.

18

Responses for nitrogen retention, weight gain and feed efficiency were
curvilinear, improving to a maximum level and then decreasing as heat
treatment was increased beyond the optimum level.
Several workers (Glimp et al., 1967; Hudson et al., 1969, 1970;
Nishimuta et al., 1973, 1974; Goering and Waldo, 1974; Ahrar and
Schingoethe, 1979; Schingoethe and Ahrar, 1979; Thomas et al., 1979a)
have utilized various processes of heat-treating such as dry-heating,
steam-heating and autoclaving for different lengths of time with various
protein sources (soybean meal, sunflower meal, ground nut meal and
cottonseed meal) and obtained a decrease in protein solubility as
determined by rumen degradation and ammonia production.

The performance

data obtained were somewhat unclear and varied due to the reason that a
standard method of heat-treating these feedstuffs had not been developed.
But even so, research has continued and a great amount of data have been
accumulated.

Schingoethe and Ahrar (1979) reported that heat treatment

did not reduce protein quality but was effective in reducing the
degradation of ration proteins in the rumen.

They also reported that

heat treatment did -not destroy amino acids from sunflower and soybean
meals nor make them unavailable for digestion and absorption.

These

results are consistent with those found by Ahrar and Schingoethe (1979).
Several factors have been reported to be influenced by heat
treatment.

Sherrod and Tillman (1962) and Hudson et al. (1969) reported

increased growth and improved feed efficiency when feeding heat-treated
soybean meal to young lambs.

Increased . cellulose utilization (Glimp

et al., 1967) and increased apparent digestibility of the dry matter and

19

nitrogen (Hudson et al., 1969; Ahrar and Schingoethe, 1979) were reported
when heat-treated soybean meal was fed to lambs and dairy cattle.

Other

factors such as reduced rumen ammonia degradation (Hudson et al., 1969),
increased nitrogen retention (Chalmers et al., 1954; Chalmers and Synge,
1954; Sherrod and Tillman, 1962; Tagari et al., 1962; Little et al.,
1963; Nishimuta et al., 1973; Goering and Waldo, 1974; Thomas et al.,
1979a), decreased levels of rumina! valerie and isovaleric acids (Glimp
et al., 1967) and decreased urinary and fecal nitrogen losses (Little
et al., 1963) were reported to occur when protein supplements were
subjected to heat treatment above normal processing levels.

A problem

that might arise is that overheating could "overprotect" the amino acids,
not allowing them to be degraded and absorbed in the small intestine
(Bergen, 1979).
Chemical Treatment
Some specialized methods of chemical treatment of proteins have
been used to reduce solubility and microbial degradation in the rumen
by cross-linking peptide _chains and tightly binding the protein under
alkaline and neutral conditions.

As the pH changes from about 5.5 to

7.0 in the rumen to 3.0 or less in the abomasum, these bonds weaken and
the protein can be degraded by enzymatic digestion (Clark, 1975).
Numerous chemicals including aldehydes and tannins (Hatfield, 1973)
and phosphonitrilic halides, acrolein a c etals, hexamethylenetetramine,
polymerized, unsaturated carboxilic acids, halotrizines, sulfonylhalides
and acetylenic esters (Chalupa, 1975) have been used as protective agents.
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Aldehydes (especially formaldehydes) and tannins have been
investigated extensively as treatments for decreasing rumina! degradation
of proteins.

These two methods will be the only ones of several listed

above considered separately in this review.
Treatment of Proteins With Formaldehyde and Other Aldehydes.
Walker (1964) has thoroughly reviewed the chemistry of formaldehyde
interaction with proteins.

Formaldehyde used at low levels reacts

principally with the free amino acid groups of lysine and N-terminal
amino acid residues forming Schiff's bases and methylene cross-links
between peptide chains.

In addition to that of lysine, the residues

of histidine, arginine, methionine, tryptophan and tyrosine will also
react with formaldehyde as will the amide groups of asparagine,
glutamine and other groups with the peptide bond.

Aldehydes other than

formaldehyde would also react in the same way (Millonig and Marinozzi,
1968).
The effect of reducing rumina! protein degradation is considered
to be due to reduced solubility (Lewis, 1957; Ferguson et al., 1967;
Peter et al., 1971; Nishimuta et al., 1973: Goering and Waldo, 1974)
and increased resistance of the treated proteins to enzymatic attack
(Walker, 1964) at a rumen pH within typical range.

When these proteins

reach the abomasum, the acidic pH makes the cross-links of aldehydes
with amino and amide groups more susceptible to attack (Goering and
Waldo, 1974).

This constitutes an advantage for formaldehyde-treated

proteins over heat treatment procedures · in which the reaction is not
reversed in the abomasum.
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There is some evidence indicating that the formaldehyde
treatment of protein may not be totally reversed in the abomasum and
upper small intestine (Broderick, 1975).

Schmidt et al. (1973) found

that treatment of soybean meal protein with 0, .4, .8, 1.2 and 1.6 g
formaldehyde per 100 g of protein gave apparent protein digestibilities
of 86.4, 85.6, 77.4, 66.4 and 55.4%.

Similar results were found with

lambs by Faichney (1971) who concluded from several digestion trials
that increasing the level of formaldehyde treatment of casein gave a
linear decrease in growth rates and release of amino acids in the
small intestine.
Reis and Tunks (1970) observed a sharp increase in plasma concentration of a compound identified as E-N-methyl lysine when feeding
formaldehyde-treated casein to sheep.

This compound was thought to be

formed from E-N methylol lysine released during digestion of treated
casein.

These data implied that the groups which form from protein

reaction with formaldehyde are incompletely removed by action in the
lower gut.

Overall evidence suggests that the reaction between dietary

protein and formaldehyde is only partially reversed in the acid
environment of the abomasum and upper small intestine.
Based on these observations, it would appear important to
determine the minimum level of formaldehyde treatment necessary to
achieve optimum or nearly optimum rumina! protection without appreciable
reduction in intestinal protein digestion.

The effects of various levels

of formaldehyde have been investigated by several workers.

Hemsley

et al. (1973) used casein treated with various levels of formaldehyde.
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Results obtained indicated that application of about 1.0% (w/w) formaldehyde gave nearly maximum protection from ruminal degradation without
affecting digestibility of the casein.

They also concluded that the

optimum formaldehyde level lies within a very narrow range of about .8
and 1.2%.

Such low levels are difficult to apply under practical feeding

conditions.
Treatment of casein with formaldehyde has been extensively
researched.

Results obtained have shown that this treatment substantially

reduced casein protein solubility and degradation to ammonia in the rumen
(Ferguson et al., 1967; Hemsley et al., 1973), increased plasma-free
amino acid concentration (Reis and Tunks, 1970), increased protein
digested in the small intestine (Faichney and White, 1977), increased
wool growth (Reis and Tunks, 1969; Hemsley et al., 1973) and increased
nitrogen retention, weight gain and feed efficiency (Reis and Tunks,
1969).
Other proteins have also been used with formaldehyde treatment,
but the results obtained were less definitive than those with casein.
Waldo et al. (1973a) added formaldehyde to direct-cut forages reducing
the solubility of nitrogen with decr eased ammonia formation, improved
nitrogen retention and improved growth rate of young heifers.

Similar

results were obtained in subsequent experiments (Waldo et al., 1973b).
Treatment of plant proteins with formaldehyde has given less
consistent results than treatment of casein.
rate and feed efficiency have been

obse~ed

However, improved growth
with formaldehyde treatment

of soybean meal (Nishimuta et al., 1974; Faichney and White, 1977), but ·
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apparent digestibility of the protein has been reported to be decreased
(Nishimuta et al., 1973; Amos et al., 1974; Clark et al., 1974;
Schmidt et al., 1974).

Other experiments indicated that lambs and

steers fed formaldehyde-treated soybean meal had lower weight gain and
feed efficiency (Schmidt et al., 1973, 1974).

The inconsistency of these

findings appear to have been due to variations in levels of formaldehyde
used to treat soybean meal.

Inadequate protection and overprotection of

proteins with formaldehyde may have occurred.

To improve protein

utilization with formaldehyde or other aldehyde treatment, the protein
must be relatively susceptible to ruminal degradation prior to treatment.
This may be the reason why treatment of casein, ground nut meal and
forages (especially leaf proteins); which are readily degraded in the
rumen, have responded favorably to aldehyde treatment (Broderick, 1975).
Tannin Treatment.

Tannins are polyphenolic compounds extracted

from plants and have been used to prevent ruminal degradation of proteins.
The mechanism by which tannins reduce ruminal degradation of
protein is unclear.

It has been suggested that tannins form hydrogen

. bonds with proteins (Haslam, 1966) which make them less susceptible to
proteolytic attack by ruminal microbes.

The tannin-protein complex may

also be diassociated at the acid pH's found in the abomasum and small
intestine (Driedger and Hatfield, 1972).

It is also possible that, when

the pH of the small intes t ine is less acid, the tannin-protein complex
may recombine (Driedger and Hatfield, 1972) or that tannins may inhibit
proteolytic enzymes directly (Feeney, 1969), rendering the proteins
less digestible.
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Evidence that tannin treatment improves protein utilization by
ruminants has not been consistent.

Nishimuta et al. (1973) found

substantial reductions in rumina! ammonia concentration and urinary
nitrogen excretion when soybean meal was treated with 9% tannic acid.
Fecal nitrogen excretion also increased resulting in no improvement of
nitrogen retention by lambs.

In a later study, Nishimuta et al. (1974)

used soybean meal treated with tannic acid and observed no effect of the
treatment on the amount of protein escaping degradation in the rumen of
lambs.

Other workers (Driedger et al., 1969; Driedger and Hatfield;

1970) improved nitrogen retention by lambs by treating soybean meal with
tannic acid.

Driedger and Hatfield (1972) found that pelleting soybean

meal treated with 10%

tan~ic

acid gave significant improvements in

nitrogen retention, weight gain and feed efficiency when compared to
pelleted diets supplemented with untreated soybean meal or urea.
This method, even though it has received

con~iderable

attention,

still appears to show unclear results, indicating a need for more
investigation.
Propionic Acid Treatment.

Some organic acids have been used as

methods to protect proteins from ruminal degradation.

Atwal et al.

(1974) studied the effects of pelleting protein concentrates with a
mixture of volatile fatty acids (VFA) which contained 83% propionic acid.
It was found that addition of 5, 10, 15 and 20 g of VFA/100 g of mixture
of soybean meal plus promine proteins inhibited rumina! ammonia release
rates in vivo to 43, 28, 20 and 16%, respectively.

It was suggested

that the presence of propionic acid in close proximity to the proteins
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had a bacteriostatic effect on the rumina! microbes.

Also suggested

was that this protective effect may be reduced with time (after 18 h).
Analogs of Amino Acids.

Amino acids have been structurally

altered to form analogs and by this means reduce rumen degradation.
To be effective, these analogs must be absorbed from the small
intestine and become biologically active (Clark, 1975).

A synthetic

biologically active analog of methionine, a-hydroxy-y-methylmercaptobutyric acid (MHA), has been studied.

MHA is less soluble in the rumen

fluid than methionine but does not completely escape destruction in the
rumen (Papas et al., 1974; Belasco, 1972).

MHA supplementation in

dairy cattle diets has been reported to increase nitrogen retention
(Polan et al., 1970b) and milk production (Polan et al., 1970a).
However, other studies have shown no improvement in milk yield (Polan
et al., 1970b; Whiting et al., 1972).

Performance of feedlot animals

has been reported to be improved by feeding MHA (Burroughs et al.,
1970), but other studies showed that steers did not respond to MHA
supplementation when fed a diet containing urea (Gossett et al., 1962).
Feeding MHA to ruminant animals appears to have p.roduced
variable responses and a beneficial mode of action for increasing animal
performance has not been demonstrated.
Encapsulation of Amino Acids
Basic polymers of amino acrylates or methacrylates, cellulose
propionate-3-morpholinobutyrate, kaolin, _ tristearin and imidamine polymers
have been investigated as protective agents for amino acids (Chalupa,
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1975).

Broderick et al. (1970) observed an increase in the plasma

methionine:valine ratio when lactating cows were fed encapsulated
methionine treated with a coating of kaolin and tristearin.
Linton et al. (1968) utilizing growing steers reported an
increase in methionine absorption when feeding encapsulated amino acids.
But contrary to these reports, Neudoerffer et al. (1971) indicated
that destruction of 30% of the material in the rumen and

- incomple~e

breakdown of 60 to 65% of the material which reached the small intestine
resulted in only a small amount of the total methionine being absorbed.
Other forms of encapsulated methionine (coated with unsaturated fatty
acid or oil) fed to sheep by Chalupa (1975) did not improve weight gain
or feed efficiency.
The lack of response from feeding encapsulated methionine in
several studies may be attributed to destruction of the material in the
rumen, poor · release in the lower gut or to postruminal digesta
containing an adequate supply of methionine.

The quantity of an amino

acid in the encapsulated product that is absorbed from the small
intestine and the cost of the encapsulation material are the major
factors in determining the feasibility of this procedure (Clark, 1975).
Alteration of Rumen Metabolism
Alteration of the metabolic pathways of rumen metabolism can
influence the quantity and rate of formation of energy yielding and
nitrogen end products of fermentation in the rumen.
affect animal performance.
ammonia concentrations.

Such alterations

Feeding antibiotics has lowered rumen

By feeding penicillin or erythromyocin, Hogan
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and Weston (1969) obtained a decrease in feed intake and ammonia
production was lowered by 35%.

Schelling et al. (1972) fed diets

containing neomyocin, oxytetracycline or streptomyocin.

They reported

decreased rumen ammonia concentration, but results were not consistent
and animal performance did not improve.

When a combination of

oxytetracycline, methionine and lysine was fed to sheep, rumen metabolism
appeared unaltered and the concentrations of methionine and lysine in
the abomasum and plasma were increased (Schelling et al., 1972).
Methane formation in the rumen can be inhibited by using a
variety of chemicals, with halomethanes being the most potent ones used
(Trei et al., 1971).

Supplementation of cattle feeds with these

compounds decreased methane production in the rumen, resulting in
improved energy utilization and increased nitrogen retention (Johnson,
1974).

In addition to suppressing methanogenesis, the halomethanes

partially block amino acid deamination (Chalupa, 1975) which may result
in free amino acids escaping rumen degradation.
Data concerning these methods are limited in the literature,
but the approaches appear to have a potential on improving the quantity
and quality of protein reaching the abomasum and small intestine sites .
of absorption.

Success of the methods will depend on finding feed

additives or compounds that will selectively control some metabolic
pathways of fermentation in the rumen without altering the overall
rumen metabolism.
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Closure of Esophageal Groove
The esophageal groove (sulcus ruminoreticularis), which extends
from the cardia to the omasum, is formed by two heavy muscular folds or
lips which can close to direct material from the esophagus into the
omasum, thus bypassing the rumen and reticulum.

Closure of the

esophageal groove is a normal function in young nursing ruminants and
would be functional only for liquid diets (Clark, 1975).

Closure of the

esogphageal groove is a conditioned reflex and the animal must be in an
"excited" state to achieve closure (Orskov, 1972).

Other factors

suggested to affect esophageal groove closure are age, method of drinking,
position of the animal while drinking, composition and temperature of
the liquid and site of delivery into the esophagus (Orskov, 1972).

Salts

of sodium, copper, silver and zinc activate closure of the groove
(Chalupa, 197 5) •
Although esophageal groove closure has limitations for ruminants
from a practical point of view, some investigators (Orskov and Benzie,
1969; · 0rskov et al., 1970; Orskov, 1972) indicated that a number of
proteins are more efficiently utilized when they escape degradation in
the rumen due to esophageal groove closure.

This procedure is more

important for young ruminants because of the nature of diets and to the
reason that feed protein of higher quality needs to be present at the
absorption sites without major changes.
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Methods Used to Measure Protein Solubility
Solubility measurements have been used to characterize feed
proteins for ruminants.

Tests should be done in a way that show the

importance of the measurements as related to protein utilization because
feedstuffs vary greatly in the quantity of soluble protein.

Several

authors have worked extensively in this field and have shown a wide
variation in the soluble fraction.

Animal productivity has been reported
prot~ins

to be correlated with the degree of solubility of the
1974; Wohlt et al., 1976; Majdoub et al., 1978).

(Sniffen,

There is variation in

the amount and type of protein extracted by various solvents, and it is
important that the solvent used simulate solubility in the rumen as
closely as possible (Sniffen et al., 1980).
The principle for evaluating protein on the basis of solubility
is the fact that ammonia (NH ) is formed from rapid microbial degradation
3
of the soluble portion.

The potential increase of NH

3

absorption through

the rumen wall would lead to a decrease in the efficiency of nitrogen
utilization.

When a highly soluble protein is fed, the smaller amount

of less soluble, more slowly degraded protein reduces the potential for
protein bypass.

In order to relate animal responses from the different

feed protein sources, a reliable method of determining protein solubility
needs to be developed and used.

The method should correlate well with

that protein which is rapidly broken down in the rumen.

Crooker et al.

(1978) and Waldo and Goering (1979) have attempted to solve this problem.
They agree that for a particular method the reagents should be easy to
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obtain and the solvents easily prepared, stable under field conditions
and resistant to pH changes.
There are several methods used by researchers today to determine
protein solubility.

Variation in solubility for a particular feedstuff

may differ susbstantially depending upon the method used.

Little et al.

(1963) and Thomas et al. (1979a) have used cold water to determine
protein solubility.

Methods such as boiling water (Waldo and Goering,

1979), .02 N NaOH solution (Little et al., 1963), Burroughs mineral
buffer (Burroughs et al., 1950; Wohlt et al., 1973a), .15M NaCl solution
(Salobir et al., 1970; Nomani and Evans, 1971; Evans and Biddle, 1971),
autoclaved rumen fluid (Dinius et al, 1974; Hagemeister et al., 1976)
and in situ disappearance '( Crawford et al., 1978) have also been used to
determine the amount and rate of solubility for various proteins.
Some methods used to determine protein solubility involve
utilization of buffers such as sodium hydroxide, but in order to be
beneficial these buffers should simulate the conditions in the digestive
tract of the ruminant.

Owens (1978) used pepsin digestion to determine

the total amount of protein reaching the duodenum.

He reported that

solubility of protein in a weak solution of pepsin predicted duodenal
passage of feed plus microbial protein quite well.

Further research

indicated that an increase of 1% in solubility by pepsin digestion
decreased the total passage of protein by 1.1%.
Measurements of ammonia production have been used by Dinius
et al. (1974) and Lyon et al. (1976) after incubating a feedstuff in
rumen fluid for 21 h to determine the digestion of proteins in a
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feedstuff.

Subsequent pepsin digestion of the residual provided an

estimate of digestibility in the small intestine.

Regarding this

method, Owens (1978) indicated that, for single protein feeds, it
appeared useful to evaluate feed processed with the idea of decreasing
protein digestion in the rumen.

But ammonia production as an index

of protein digestion becomes questionable when it is evident that
processing and feed composition influence energy availability and thus
the use of ammonia by bacteria.
Another procedure which can be useful for studying in vivo and
in situ rumen protein degradation is the dacron bag technique
(Van Hellen and Ellis, 1977; Crawford et al., 1978).

This procedure

involves suspending the test feed in the rumen fluid within a fine
porosity nylon or dacron bag.

Disappearance of protein from the bags

is taken as an estimate of digestion.

Several inherent factors are

involved in the procedure which if not controlled may limit the accuracy
of the results.

These factors include sample size, bag size and porosity

of the bag material (Bailey and Hironoka, 1970; Van Hellen and Ellis,
1977; Crawford et al., 1978).
Cell fractions of a feedstuff have often been used to help determine solubility of proteins.

The Van Soest method of fiber analysis

permits separation of cellular protein into cell content fraction and
cell wall fraction.

Protein from the cell content fraction proved to be

quickly degraded by bacterial enzymes in studies carried out by Pichard
and Van Soest (1977).
buffer solutions.

This fraction is -similar to that soluble in

Proteins bound to the cell wall hemicellulose were
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degraded at various rates, and a fraction bound to cellulose was not
digested at all.

Based on this finding, it can be assumed that digestion

by bacterial proteolytic enzymes with cell fractionation may prove to
be useful in estimating "bypass" and solubility of protein.
Ruminant Performance in Relation to Protein Solubility
The effect of solubility of different prote-in sources on animal
performance has been studied extens.ively.

The results have been

inconsistent in relationship shown between solubility and rate of gain
and feed efficiency.
Glimp et al. (1967) reported that heat-treated soybean meal
improved lamb performance in comparison to conventional soybean meal
when fed at a level of 12% protein in the diet.
obtained by Hudson et al.
et al. (1975).

Similar results were

(1969), Peter et al. (1971) and Martinez

Feed efficiency and average daily gain were significantly

improved in lambs fed heated soybean meal compared to those consuming
regular soybean meal.

Braman et al. (1973) fed urea or soybean meal

supplements to finishing feedlot lambs at levels to provide 11% crude
protein with high-moisture corn as the basal diet.

Results obtained

showed greater rates of gain (P<.OS) for lambs fed urea-supplemented
diets (.4 to 2.7% of the total ration) .

Similar responses were reported

previously for sheep and cattle fed these diets (Long et al., 1968).
Brugman et al. (1973) obtained improved rates of gain and feed
efficiency with finishing feedlot lambs -fed soybean meal supplements in
comparison to those fed urea supplements with chopped hay and hominy feed
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as the basal diet.

On the other hand, no differences in performance were

reported by Wohlt et al. (1976) when comparing diets formulated to contain
15 and 30% of the total protein as soluble protein and fed to feedlot
lambs.
When utilizing steers, Nomani and Evans (1971), Burris et al.
(1973), Thomas et al. (1979b) and Spears et al. (1980) indicated improved
performance for animals consuming diets which had lower solubility of
protein and higher energy levels.

Diets used were variable including

-

corn alone as the basal diet and with soybean meal, linseed meal or fish
meal as protein sources.

Spears et al. (1980) suggested that the improved

weight gain and feed efficiency observed in the feedlot studies might
have been due to decreased ' loss of ammonia from the rumen, increased
quantity of amino acids reaching the lower gut, an improvement in the
array of amino acids available for absorption or a combination of these
factors.
Studies in which equivalent levels of crude protein from urea and
soybean meal were used showed improved performance for cattle fed soybean
meal diets in contrast to those fed urea-supplemented diets (Braman et al.,
1973; Hatfield and Cantner, 1973; Young et al., 1973; Klopfenstein and
Krause, 1974; Krause and Klopfenstein, 1974).

A combination of proteins

as soybean meal and urea showed better results than the urea-supplemented
diets but lower than the soybean meal-supplemented diets (Klopfenstein
and Krause, 1974).

Differences in rate of gain between urea and soybean

meal diets were greater at the beginning of the experiment and decreased
with time.
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Studies utilizing other natural sources of protein have been
conducted.

Schindler and Farlin (1980) tested diets supplemented with

urea, corn gluten meal and urea-corn gluten meal combinations.

From

these studies, it was concluded that steers fed corn gluten mealsupplemented diets did not perform as well as steers fed urea or ureacorn gluten meal diets.

Corn gluten meal diets were consumed at a

higher rate, but this was not reflected in average daily gain.

In other

studies, Klopfenstein et al. (1974b) compared a corn gluten meal and a
urea-corn gluten meal supplement in which each supplement provided the
same nitrogen level as soybean meal in cattle diets containing 60% corn
cobs.

The results showed that diets supplemented with corn gluten meal

improved gains and feed efficiency equal to that or better than soybean
meal.

Results with growing calves showed the highest daily gains for

animals fed diets containing supplements with equal parts of protein
from urea and corn gluten meal.

Average daily gain for the soybean meal-

fed group was higher than for the group s f ed urea-soybean meal and the
urea-supplemented diets.
Several studies have been carried out involving dairy cattle.
Results showed some advantage for l es s soluble diets (heat-treated
soybean meal) over highly soluble diets (regular soybean meal).

Ahrar

and Schingoethe (1979) fed these supplements with corn silage and
alfalfa-brome hay to lactating Holsteins and obtained a slight increase
in milk production during the first 8 wk of lactation.

The authors

indicated that protein intake was a lim~ting factor and that protein
escaping degradation in the rumen made the difference in milk production.
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In later stages of lactation, no differences in milk production were
found; but at this stage the rations supplied adequate protein.

Similar

results were obtained by Majdoub et al. (1978) when studying the effect
of protein solubility on milk production.

Cows fed diets formulated to

contain less soluble proteins yielded a higher amount of milk than those
fed more soluble protein supplements.
At this point, it can be stated that research has not yet
obtained a general response from less soluble protein diets such as
those in which soybean meal or cottonseed meal is heated or from corn
gluten meal.

Results indicate that variable performance can be expected

with these different protein sources.

Variability may be due to the

different procedures used in rendering the protein insoluble and to the
diets used in the different experiments.
Effect

~

Protein Solubility on Nitrogen Utilization
and Other Metabolic Factors

The effects of protein solubility on nitrogen utilization and
other metabolic processes are presently under investigation.

Data from

the literature indicate that the most important metabolic interactions
with protein solubility are rumen ammonia, blood urea, nitrogen retention,
digestibility, rumen VFA, fecal nitrogen, urinary nitrogen and amino acid
profile (plasma amino acids).

Rumen ammonia is the phenomenon most often

discussed in correlation with solubility studies.

Results consistently

indicate that the effect of reduced solubility of proteins is a decrease
in ammonia formation.
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Studies indicate that rumen ammonia is related positively with
solubility (Tagari et al., 1962; Hudson et al., 1969; Peter et al., 1971;
Wohlt et al., 1973b, 1976; Klopfenstein et al., 1974a, Krause and
Klopfenstein, 1974).

When sources of highly soluble nitrogen are fed

to ruminants, large quantities of ammonia are produced in the rumen.

If

ammonia formation exceeds the amount that the ruminant animal can utilize,
losses become significant.

The result will be a decrease in the

efficiency of utilization of the protein or nitrogen source (Annison
et al., 1954; Chalmers et al., 1954; Wohlt et al.,

1~73b,

1976; Sniffen,

1974; Bergen, 1979).
_Higher rumen ammonia levels result from a higher rate of
microbial degradation which is influenced by the levels of starch in the
rumen.

Annison et al. (1954) and Chalmers and Synge (1954) reported that

higher levels of starch present in the rumen would tend to improve
ammonia utilization by increasing the rate of microbial protein synthesis.
The starch level in the diet is an important consideration when evaluating
solubility of proteins, especially in supplements in which the availability of carbohydrates has been affected by processing or by mechanical
and chemical treatments.

When utilizing isocaloric and isonitrogenous

diets, supplements with protein of higher solubility will tend to produce
higher levels of rumen ammonia.
High levels of rumina! ammonia tend to increase blood urea levels.
Highly soluble protein diets produce more ammonia, leading to an increase
in ammonia being absorbed from the rumen and carried by the portal vein
to the liver.

Urea is formed here, part of which returns to the rumen
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via saliva and the remainder excreted in the urine (Lewis, 1957; Tagari
et al., 1962).
Studies carried out by Chalmers et al. (1954), Lewis (1957),
Tagari et al. (1962), Whitelaw and Preston (1963), Nishimuta et al. (1973)
and Wohlt et al. (1976) showed a significant increase of blood urea levels
to be a good indicator of ruminal ammonia production and thus protein
solubility.

Rapid changes in rumen ammonia were closely paralleled by

changes in blood urea levels with a lag of 4 to 6 h (Lewis, 1957).
Other studies have indicated a slight decrease in blood ammonia
with decreased protein solubility, suggesting that with diets lower in
soluble protein, protein is degraded at a slower rate by rumina! microorganisms.

Diets lower in ·solubility of protein are utilized more

efficiently for microbial protein synthesis (Hudson et al., 1970; Ahrar
and Schingoethe, 1979).
Proteins which are rapidly hydrolyzed will cause higher rumina!
ammonia levels, plasma urea, apparent digestibility of dietary nitrogen
and urinary nitrogen with lower retention of dietary nitrogen.

Factors

which decrease solubility of protein result in decreased rumen ammonia.
A decrease in solubility is related to a decrease in dietary nitrogen

.

digestibility in the rumen, plasma urea and urinary nitrogen losses which
are associated with an increase in nitrogen retention (Sherrod and Tillman,
1962; Sniffen, 1974).

Reduction in protein solubility has resulted in

increased nitrogen retention in cattle and sheep by various methods
studied:

heat treatment (Miller and Morrison, 1944; Sherrod and Tillman,

1962, 1964; Nishimuta et al., 1973, 1974), formaldehyde treatment (Reis
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and Tunks, 1969, 1970; Nishimuta et al., 1973, 1974), tannic acid
treatment (Driedger et al., 1969; Driedger and Hatfield, 1970; Nishimuta
et al., 1973, 1974) and ration formulation with different natural sources
of proteins with different protein solubility (Krause and Klopfenstein,
1974; Wohlt et al., 1976).
Nomani and Evans (1971) reported that retained nitrogen was
lower for the more soluble source of nitrogen and urinary loss of
nitrogen accounted for most of the differences when comparing protein
sources of lower solubility (corn products and corn silage) to sources
of higher solubility (urea).

Similar results were reported by Sniffen

(1980), who indicated that decreased nitrogen retention was reflected
in increased urinary nitrogen excretion.

Other scientists have

researched this phenomenon indicating that urinary nitrogen loss is
related to nitrogen retention and also indirectly to protein solubility.
These authors observed (mostly in lambs) a decrease in urinary nitrogen
when animals were fed diets containing protein of low solubility.
Urinary nitrogen was not affected by the method used to decrease protein
solubility.

For example, Wohlt et al. (1976) obtained decreased urinary

nitrogen loss when feeding low solubility by-products (hominy feed,
dehydrated brewers grains, corn germ, corn germ bran and corn grits) to
wether lambs.

Similar results were reported by Little et al. (1963),

Egan and Kellaway (1971), Wohlt et al. (1973b), Sniffen (1974) and Ahrar
and Schingoethe (1979) when feeding protein supplements of low solubility (soybean meal, sunflower seed meal and cottonseed meal) processed
by heat treatment, formaldehyde and other conventionai methods.

Fecal
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nitrogen observations in these studies did not show any differences due
to solubility, indicating that fecal nitrogen was not an effective
method for measuring protein solubility.

Nevertheless, slightly less

amounts of fecal nitrogen excretion were reported by Little et al. (1963)
and Ahrar and Schingoethe (1979) when ruminants were consuming diets low
in soluble protein.
Digestibility of organic matter and crude protein are other
metabolic factors that usually are affected by protein solubility.
Protein supplements which have undergone physical or chemical treatments
such as heat treatment and formaldehyde treatment result in decreased
protein solubility and also digestibility of organic matter.

Some

sacrifice in digestibility may be necessary to maximize intestinal
supply of dietary protein (Owens, 1978).
Chalupa (1975) indicated that heat-damaged feedstuffs are less
digestible as compared to unprocessed feeds.

Variable results have been

reported and possibly explained by the different procedures used during
t~eatment

of the feedstuffs.

Dry heat treatment of soybean meal was

reported to increase apparent digestibility of dry matter for lambs in
two trials (Glimp et al., 1967; Hudson et al., 1970).

Contrary to these

results, digestibility of nutrients was decreased in studies carried out
by Nishimuta et al. (1973), especially cellulose digestibility.
gations by Wohlt et al.

Investi-

(1973b) and Ahrar and Schingoethe (1979) showed

that low solubility diets (heated soybean meal) did not affect the
digestibility of organic matter and crude protein.
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When protein solubility is not altered by any mechanism or
process, the effect on digestibility is different.

For example,

utilizing natural diets differing in solubility of protein, Wohlt et al.
(1976) reported that apparent digestibility of the gross energy was
significantly lower in the more soluble diets.

Dry matter, acid-

detergent fiber and cellulose digestibility tended to be lower for the
more soluble diets.

Gallup et al. (1952) using lambs showed no signifi-

cant difference in protein digestibility between soybean meal and corn
gluten meal-supplemented diets; however, organic matter digestibility
was higher for lambs supplemented with soybean meal.

When 1 percentage

unit of the total protein was from urea, both supplements yielded
similar protein digescibility.
In studies involving protein solubility and animal metabolism,
changes in the level of VFA are often measured.

From the studies

reviewed, it can be concluded that the results obtained are inconsistent.
Variable results have been reported, and the general consensus is that
there were no significant changes in the levels of VFA due to protein
solubility (Wohlt et al., 1973b, 1976; Ahrar and Schingoethe, 1979).
Glimp et al. (1967) reported decreased levels of valerie and
isovaleric acids when solubility was made lower with heat treatment of
the protein supplements fed to wether lambs.

Ahrar and Schingoethe

(1979) reported no difference between valerie acid, but concentrations
of isovaleric acid in the rumen were significantly higher for those cows
consuming heat-treated soybean meal.

Wohlt et al. (1973b, 1976) reported

no differences for these two VFA's (valerate and isovalerate) but
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reported higher concentrations of butyric acid with increasing solubility of diets.

Glimp et al. (1967) indicated no differences in the

level of butyric acid in the rumen due .t o protein solubility.

Solu-

bility differences of the supplements for this experiment were obtained
by heat treatment of soybean meal.
When supplements are subjected to physical or chemical treatment,
the content of amino acids generally does not change (Nishimuta et al.,
1973; Ahrar and Schingoethe, 1979; Schingoethe and Ahrar, 1979).
studies indicate that,

~hen

Other

these supplements were fed to animals,

plasma amino acid composition did not show any change (Nishimuta et al.,
1973; Ahrar and Schingoethe, 1979).
Schingoethe and Ahrar (1979) indicated that, while heat treatment
tended to reduce the solubility of all amino acids, some differences of
individual amino acid solubility were observed.

Threonine, aspartic

acid, serine and glycine from sunflower meal were more soluble, but

on~y

cysteine from soybean meal remained relatively more soluble than other
amino acids when compared to the heated supplement.

Nishimuta et al.

(1973) reported that, even though heat treatment did not affect the total
concentration of plasma free amino acids, the molar percentages of
alanine, glycine, leucine, valine, aspartic acid, arginine, histidine and
lysine were significantly altered by heat treatment of soybean meal.
Amino acids are the ultimate end product of protein metabolism
to be utilized by the animal.

Because of their importance, it is

acceptable to study the metabolism and changes of these nutrients with
supplements differing in protein solubility.

Bergen et al. (1973)
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indicated that, when a protein is not easily degraded in the rumen and
also has inferior amino acid balance, the poor amino acid balance would
be reflected in the plasma levels and to a small degree in tissue free
amino acid pools.

Oltjen and Putnam (1966) fed semi-purified diets

containing either nonprotein nitrogen or isolated protein as the only
nitrogen source.

Plasma levels of branched-chain amino acids and

phenylalanine were lower and plasma nonessential to essential amino
ratios were higher in steers fed the nonprotein nitrogen-containing
diets.

These results also indicated that, when highly purified non-

protein nitrogen diets were fed to steers, the total quantity of amino
acids reaching the lower gut was depressed (indicating less microbial
growth), even if the energy available to the steers was adequate.

As

suggested by Wohlt et al. (1976), the value of a protein not degraded
in the rumen lies in its ability to complement the amino acid profile
of microbial protein and not necessarily the biological value.

Related

to the subject, Sniffen et al. (1973) reported that lowering of protein
solubility increased ·essential and total amino acid apparent digestibility as reflected in blood plasma changes.

Dingley et al. (1975)

obtained similar results and concluded that lowering the solubility of
protein of diets contributed to higher amounts of plasma amino acids.
Importance

~

Protein Solubility in Nitrogen

Utilization

~

Dietary protein requirements

Ruminants

fo~

ruminants should be considered

in terms of requirements for rumen microbes and the host animal (Chalupa,
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1975).

The protein requirements for the host are met mainly from the

microbial protein synthesized in the rumen and dietary protein and NPN
that escapes ruminal degradation and synthesis.

This dietary protein

escaping degradation is referred to by many researchers as bypass
protein (Sniffen and Hoover, 1978).

The quantity of microbial protein

synthesized in the rumen is influenced by the level of soluble carbohydrate in the diet (Orskov, 1977).

Also important in microbial growth

are concentrations of ammonia formed from degradation of dietary nitrogen
sources.

·Estimates of the optimum level range from 5 to 23 mg of ammonia

per 100 ml (Orskov, 1977).

Ruminal ammonia is affected by the solubility

of dietary nitrogen sources (Wohlt et al., 1973b; Nishimuta et al., 1974).
Sniffen and Hoover (1978) reported that up to 30% of the total nitrogen
utilized by the bacteria is in the form of peptides or amino acids,
which suggest that these forms of nitrogen should be considered in
addition to the level of rumina! ammonia and the amino acid profile of
the ingested proteins.
Variations in the feed protein by escaping rumen degradation will
affect the amino acid profile presented to the small intestine due to the
differences in amino acid profiles of natural proteins (Sniffen et al.;
1973).

Studies carried out by Clark (1975) showed that changes in

metabolizable amino acids as achieved by postruminal infusion of protein
or amino acids to ruminants can elicit milk production and weight gain
responses.

In a study conducted by Dingley et al. (1975), various

concentrate diets for lactating dairy cattle were formulated varying in
protein solubility (measured by Burroughs mineral buffer) from 6 to 33%.
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The diets were formulated by linear programming to be similar in all
aspects, including amino acid composition and content, but with
different protein solubilities.

Results showed that, as the total

solubility of the diet increased, the dietary protein not degraded in
the rumen decreased and changes in the plasma amino acids taken up by
the lactating mammary gland were observed.

The first three limiting

amino acids were methionine, phenylalanine and histidine.

Derrig et al.

(1974) observed the same amino acids to be limiting when casein was
infused into the abomasum; but, when casein was given ruminally, lysine
replaced histidine as one of the most limitf ng amino acids.

Dingley

et al. (1975) concluded that protein solubility and quality can be
achieved through diet formulation and that changes which result in
different amino acid uptake in the intestine and lactating mammary gland
can be measured with animal responses in terms of nitrogen utilization.
Sniffen and Hoover (1978) reported that the amino acid profile of the
protein most likely to escape degradation in the rumen should be taken
into consideration and given as much weight as protein solubility when
formulating diets.

The basis of this suggestion is· because the amino

acids forming part of the insoluble fraction would be the nutrients
available for absorption in the small intestine.

The amino acid profiles

of the total and soluble protein in soybean meal are very similar.
proteins in soybean meal are mostly albumins and globulins.

The

Heat

treatment of soybean meal denatures these proteins but does not change
the amino acid profile.

In some instances some essential amino acids

predominate in one fraction or the other, such as in brewers dried grains,
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where a higher percentage of the lysine is found in the soluble
fraction, while methionine tends to be higher in the insoluble fraction
(Sniffen and Hoover, 1978).

Therefore, the amino acid composition of

the insoluble fraction is of considerable importance.
The importance of the escaped protein lies in the fact that
protein which bypasses the rumen should be of higher quality than the
microbial protein.

The conversion of a protein such as zein to microbial

protein may improve protein quality and thus be of benefit.

However,

this probably is not the case for high quality proteins such as casein
and soybean meal sinee the amino acid composition of rumen microbes
does not seem to be altered substantially by the type of ration (Church,
1979).

Preventing degradation of certain critical amino acids and high

quality proteins in the rumen by administering them posterior to the
rumen or treating them in such a manner that they will not be easily
attacked by rumen microorganisms has been shown to result in improved
nitrogen utilization.

For such procedures to be successful, the nutrients

must escape rumen fermentation and be available for absorption in the
lower gut.

Proper protection of proteins and amino acids reduces the

loss of nitrogen that occurs during rumen fermentation and can increase
the quantity and improve the quality of protein by altering the
distribution of individual amino acids available for absorption postruminally.

The use of less expensive nitrogen sources such as urea to

meet the nitrogen requirements for microbial protein synthesis and
feeding high quality protected protein or amino acids to supplement the
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microbial protein passing to the small intestine appear to have promise
in feeding ruminant animals in the future (Chalupa, 1975; Clark, 1975).
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MATERIALS AND METHODS
To accomplish the objectives of this research, the investigations
were conducted in three parts.

A feeding trial was conducted to evaluate

the performance of feedlot lambs fed various supplemental sources of
protein to low-protein diets.

Following this study, a digestion-

nitrogen balance trial was conducted over a 10-d period to monitor daily
digestibility, nitrogen excretion and retention during adaptation by
lambs to the sources of supplemental protein.

A 5-d conventional

digestion and nitrogen balance study was then conducted to obtain information related to the utilization of nitrogen after the lambs had been
adapted to the supplemental protein treatments.
Feeding Trial
The feeding trial was conducted at the Beef Cattle and Sheep
Nutrition Unit.

The sheep feeding faci lit y consisted of 4.9 m x 4.9 m

unpaved, outdoor pens.

Each pen was equipped with a fence-line feed

bunk and automatic drinking fountains.
Two hundred forty crossbred ewe and wether lambs were used in
the experiment.

The lambs were selected from a larger group purchased

at a local livestock auction.
weighed.

The lambs were eartagged, sheared and

The weighing ~ was done at the end of a preliminary period and

24 h after feeding the bas al diet.

The l ambs ranged from 25 to 46 kg

and were divided into five weight groups which served as replications.
The lambs within each weight group were randomly allotted to the six
experimental treatments with 6 wether and 2 ewe lambs per treatment.
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The lambs were implanted with 12 mg of zeranol and vaccinated with 1 ml
of Clostridium perfringens type D bacterin-toxoid for prevention of
enterotoxemia.
A preliminary period of 45 d (November 2 to December 17, 1978)
was used for a uniformity period without supplemental protein and to
adapt the lambs to a basal diet of ground ear corn.

At the beginning

of this period, the lambs were fed alfalfa-brome haylage (58% dry
matter) which contained 14.7% crude protein on a dry basis.

They were

shifted to a full feed of ground ear corn (75% dry matter) containing
11.0% crude protein (dry basis) over a 12-d period •
. The feeding experiment was initiated December 18, 1978.

The

diet consisted. of 90% grout1d ear corn and 10% supplement (dry basis).
Six supplements were fed in the study:
(1)

Control supplement

(2)

Soybean meal supplement

(3)

Corn gluten meal supplement

(4)

Urea supplement

(5)

Urea-soybean meal supplement

(6)

Urea-corn gluten meal supplement.

Control supplement was composed largely of corn grain, vitamin A
and minerals.

Soybean meal, corn gluten meal or urea were the sources

of supplemental protein provided in the other supplements.

In the

combination supplements, urea replaced one-half of the protein supplied
by soybean meal or corn gluten meal.

One part of sulfur (Caso ) to
4

10 parts of nitrogen from urea was added to those diets containing urea.
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Mineral ingredients included in the supplements were calcium, phosphorus,
and potassium and levels were adjusted to give similar concentrations of
each between supplements.

Vitamin A and chlortetracycline were supplied

in the supplement at a level to provide 700 IU of vitamin A and 25 mg of
chlortetracycline per kg of supplement.
small compared to those recommended.

These levels were relatively

Literature reported have indicated

no benefits from antibiotic supplementation to healthy feedlot lambs.
Other experiments at this location where lambs were depleted of vitamin A
storage would indicate that the lambs used in this experiment would not
have suffered from vitamin A deficiency during the time period involved.
Ingredient composition and percent of protein in the supplements
are shown in table 1.
TABLE 1.

INGREDIENT COMPOSITION OF SUPPLEMENTS

Item
Ground corn
Soybean meal (44% crude
protein)
Corn gluten meal (60%
crude protein)
Urea (46% nitrogen)
Ground limestone
Dicalcium phosphate
Calcium sulfate
Potassium chloride
Trace mineral salt
Crude protein

Control

Soybean
meal

Corn
gluten
meal

Urea

Urea- Ureasoycorn
bean gluten
meal
meal

%
81.0

19.4
63.8

38.8

72.6

45.4
31.9

54.7
21.8

43.5
4.0
10.0
2.6
1.1

5.0

7.9
9.4
2.6
2.1
.4
5.0

5.0

4.0
10.0
2.7
1.1
.7
5.0

31.7

31.6

32.0

32.4

11.0
3.0

10.8
1.0

10.7
2.0

5.0

5.0

9.5

30.3
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Composition of the diets fed at 10% supplement and 90% ground
ear corn during the feeding trial are shown in table 2.

The control

diet without supplemental protein contained 10.8% crude protein on a dry
matter basis.

Different sources of supplemental protein were added to

increase the total crude protein content in the diets by about 2
percentage units.

Addition of these supplements resulted in dietary

protein levels for the soybean meal ration of 12.9%, corn gluten meal
and urea, 13.0% and for urea-soybean meal and urea-corn gluten meal,
13.1%.
TABLE 2.

INGREDIENT COMPOSITON OF DIETS FED DURING FEEDING TRIAL

Item

Control

Soybean
meal

Corn
gluten
meal

Urea

Urea- Ureasoycorn
bean gluten
meal
meal

%
Ground ear corn
Ground corn
Limestone
Dicalcium phosphate
Trace minerals
Soybean meal (44% crude
protein)
Corn gluten meal (60%
crude protein)
Urea
Calcium sulfate
Potassium chloride

90.0
8.1
1.1
.3
.5

Crude protein (dry basis)

10.8

90.0
1.9
1.1
.1
.5
6.4

90.0
3.9
1.1
.2
.5

90.0
7.2
.9
.3
.5

90.0
4.5
1.0
.3
.5
3.2

4.3

12.9

13.0

90.0
5.4
1.0
.3
.5
2.2

.8
.2
.1

.4
.1

.4
.1
.1

13.0

13.1

13.1
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The supplements were made into .635 em diameter pellets and
top-dressed to the ground ear corn.

The diets were adjusted as indicated

by daily intake to maintain the desired ratio of ground corn corn (90%)
and supplement (10%) and fed once daily according to the lambs' appetites.
Samples of ground ear corn and supplements were collected ·weekly
and composited at 4-wk intervals for chemical analyses.

Prior to

analysis, each sample was ground through a Wiley mill equipped with a
1 mm screen and stored in glass containers.

The analysis included

moisture and total nitrogen according to AOAC (1975) procedures.
The lambs were weighed at 21-d intervals to monitor performance.
Each replication was terminated when the lambs reached an average of
approximately 50 kg.

An entire replication of six supplemental treatments

was marketed at the same time.

Weight gain, feed intake and feed

efficiency were used as measures of the response to protein supplement
treatments.
Least-squares analysis of variance procedures were used to
analyze the feedlot performance data.

Means for average daily gain,

feed efficiency and feed intake were compared by utilizing Tukey"s
multiple range test (Steel and Torrie, 1960).
Daily Digestion-Nitrogen Balance Trial (Adaptation Studies)
rbe daily digestion and nitrogen balance studies were conducted
in the Ruminant Metabolism Room at the Animal Science Complex from
April 18 through April 28, 1979.
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Before this trial started, a 40-d preliminary period was allowed
during which the lambs were individually fed and adapted to a basal diet
consisting of 80% ground ear corn, 10% sugar cane molasses (79.5% Brix)
and 10% chopped oat straw and to the metabolism crates.

Since the ear

corn was high in crude protein, chopped oat straw was used to dilute
the protein concentration of the diet and molasses were added to improve
palatability.

Additions of molasses and oat straw to the diets fed

during the digestion trials resulted in a different diet from that fed
in the feeding trial.

Results obtained during this trial were not a

measure· of the feeding trial diets but were a comparison between protein
supplements.
Twenty-four lambs averaging 23 kg were selected from .a larger
group and randomly allotted to the six supplemental treatments as used
in the feeding trial with 4 lambs per treatment.

The lambs were placed

in the metabolism crates and daily digestion and nitrogen balance
determined for 10 d (adaptation).
The complete diet contained 70% ground ear corn (75% dry
matter) with 11.0% crude protein, 10% sugar cane molasses (77% dry
matter, 79.5% Brix) with 4.81% crude protein, 10% chopped oat straw
(90.5% dry matter) with 6.91% crude protein and 10% supplement.

The

supplement was added for the first time on day 1 of the adaptation
trial.

Supplemental treatments were the same as for those fed in the

feeding trial (table 1).

Chemical analyses of the diets gave a protein

content of 9.8% for the control, 11.9% .for soybean meal, 12.0%
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for corn gluten meal and urea, while the protein content for ureasoybean meal and urea-corn gluten meal diets was 12.1%.
Urine was collected in a plastic vessel containing 10 ml of a
6N HCl solution.

A 10% aliquot of the total urine excreted was placed

in plastic storage bottles and refrigerated for nitrogen analysis.
Samples of the diet fed and the total quantity of feed refused and
feces excreted were collected daily, weighed and dried in a forced-air
oven (Despatch) at 70 C for 36 h.

The samples were reweighed for dry

matter determinations, ground through a Wiley mill equipped with a
1 mm screen and a portion plac ed in glass storage bottles for chemical
analysis.

Analyses for mo i sture, total nitrogen and ash (to obtain

organic matter) were completed using the AOAC (1975) procedures.
Statistical analyses were conducted based on the Statistical
Analysis System (SAS) using the analysis of variance procedure to
examine the main effects and interactions (Barret al., 1976).

Differ-

ences between treatment means were compared by using the Waller-Duncan
K-ratio t test (Waller and Duncan, 1969) option from the SAS system.
Total Digestion-Nitrogen Balance Trial (Postadaptation Study)
This study was conducted using the same lambs and facilities as
for the adaptation trial.

Following the adaptation trial, an additional

15 d were allowed to further adjust the l ambs to the supplemental treatments and then the postadaptation trial was started.

A 5-d total collec-

tion digestion and nitrogen balance tri~l was conducted by feeding the
same diets used during adaptation.

Lambs were fed a constant amount of
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feed throughout the trial based on the appetite of each animal.

The

procedures for handling the feed, feed refusals, urine and feces were
the same as described for the 10-d study except that feed samples,
feed refusals, urine and feces were each made into a composite for
chemical analyses.

Analytical procedures and statistical treatment of

the data were as outlined for the adaptation study.
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RESULTS AND DISCUSSION
Feeding Trial
Results obtained from the feeding trial are presented in
table 3 with statistical analyses data shown in appendix tables 1
through 3.

Weight groups (replications) showed significant differences

(P<.Ol) for weight gain and feed consumption.

more feed and gained at a faster rate.

Heavier lambs consumed

However, there were no effects

of weight groups on the response to the various protein supplements.
Therefore, results for protein supplementation are presented averaged
across weight groups.

Values presented (table 3) are averages for the

five pens within supplement treatments.

These values differ only

slightly from weighted averages based on lamb days.

Weather conditions

during early stages of the experiment may have contributed to the better
performance of the heavier lambs.

Temperatures were milder during the

first part of the experiment.
Weight Gain
Accumulated average daily gai ns are presented for 21, 43 and 99 d
in table 3.

At the first weighing period after 21 d, faster gains were

obtained when feeding all the protein-supplemented diets (13% crude
protein) in comparison to the nonsupplemented control (10.8% crude
protein).

Lower rates of gain were obtai ned from all treatments at

43 and 99 d as compared to 21 d.

Weather conditions were more favorable

during early stages of the experiment, which may explain in part the

TABLE 3.

FEEDLOT PERFORMANCE OF FINISHING LAMBS FED DIFFERENT PROTEIN SUPPLEMENTS
WITH GROUND EAR CORN (DECEMBER 19, 1978, TO MARCH 26, 1979)

Item
No. of animalsa
Initial wt, kg
Final wt, kg
Accumulated avg daily gain, g
21 d
43 d
99 d
Accumulated avg daily feed, kg (dry)
. 21 d
43 d
99 d
Feed/gain (dry)
21 d
43 d
99 d

Control

Soybean
meal

Corn
gluten
meal

40
32.6
48.0

39
32.5
50.0

38
32.8
50.5

217
210b
195
1.10
1.20b
1.21
507
568
620

279
258
235c
1.12
1.24
1.31c

403
482
556

281
256
230c
1.12
1.23
1.30c

397
483
568

Urea

Ureasoybean
meal

Urea-corn
gluten
meal

39
32.7
48.6

38
32.6
50.7

39
32.9
51.0

266
243
206bc

1.13
1.21b
1.27 c
426
499
614

279
260
232c
1.14
1.24
1.28bc

407
478
550

286
252
230c
1.12
1.24
1.31c
391
490
567

: Initially 40 lambs per treatment.
,c Means within rows followed by unlike superscripts differ (P<.05).

V1
0\
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reduced gain at the later dates.

A reduction in rate of gain is also

commonly associated with increasing age and fatness in finishing lambs.
While there was an advantage for protein-supplemented groups at
each period shown, it became less pronounced with increasing time on
the experiment.

The nonsupplemented protein diet (10.8% crude protein)

apparently was inadequate for optimum gain at the beginning of the
experiment.

With increasing weight and finish, this level appeared more

adequate in meeting the lambs' requirements for protein.
Statistical analyses of the average daily gain at 99 d showed
significant differences (P<.OS) between treatment groups.

Lambs

consuming soybean meal, corn gluten meal, urea-soybean meal or urea-corn
gluten meal gained

fas~er

'(P<.OS) than lambs consuming the control diet.

Urea-supplemented lambs had only slightly higher (P>.OS) average daily
gain over the control group.
There were only small differences between lambs fed soybean
meal or corn gluten meal on the basis of weight gain.

Urea exhibited

less response than soybean meal, corn gluten meal, urea-soybean meal or
urea-corn gluten meal diets at the beginning and during the course of
the experiment.

This lower response in average daily gain by the

supplemented lambs became greater with time.

urea~

Also, it was observed that

lambs consuming the urea supplement decreased in rate of gain during the
experiment faster than lambs fed any other dietary supplement.

However,

urea-supplemented lambs performed slightly better than the lambs which
received the unsupplemented control diet for the 99-d experiment.
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The results from the urea supplement did not appear attributable
to reduced performance during an initial adaptation to urea frequently
encountered.

An important factor in the early response to protein

supplementation with only small differences between urea and the other
supplements could have been diets and levels of feeding at the beginning
of the experiment.

All lambs had been adapted to a full feed of the

ear corn diet but received no supplemental protein prior to this time.
Using urea to furnish one-half of the supplemental protein in
diets with soybean meal or corn gluten meal did not appear to affect
weight gain.

These diets then contained only one-half the level of

urea as the one with urea as the only supplemental source of protein
to ground ear corn, which · resulted in the lowest rate of gain among
protein-supplemented lambs.
Two factors should be considered as having possible effects on
the results here.

One is that of the smaller amount of urea when fed

in these combinations.

The other is that the smaller amount of soybean

meal or corn gluten meal may have provided adequate protein for the
lambs' requirements.
While high levels of urea (over 1.2%) have been shown to depress
feed intake, the level of .8% urea in the diet has not been shown to
cause the feed intake depression commonly reported in the literature
(Bhattacharya and Pervez, 1973).

Diets with the lower level of soybean

meal or corn gluten meal without urea were not fed in the experiment.
Therefore, the adequacy of a lower

lev~l

of protein as could be

furnished by the lesser amounts of these two supplements was not obtained
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in the experiment.

To find evidence of the adequacy of these diets,

individual ingredients should be used at levels to provide a range in
protein concentrations from deficient to an excess.
When comparing the level of total crude protein present in the
diets fed during this experiment to the levels suggested by the National
Research Council (NRC, 1975), it can be observed that all diets except
the control exceeded the NRC requirements.

Crude protein supplied by

the control diet was adequate to meet the NRC requirements for lambs
weighing more than 36 kg but was slightly low for lambs of lighter
weight.

Results obtained during this experiment indicate that the

differences in rate of gain between the nonsupplernented control and
protein-supplemented diets tended to narrow with increasing weight and
finish.

This may indicate that, when lambs reached 36 kg, protein

requirements were enough and probably gained at a faster rate.

This

is in agreement with results reported by Hudson et al. (1969) who
indicated that young lambs consumi ng diets above 12% crude protein
gained (P<.OS) better than those lambs consuming diets of 10% crude
protein.
As indicated in prior sections of this manuscript, proteinsupplemented diets were formulated to provide variation in amino acid
profile and in rates of solubility i n the rumen liquor.

No studies

were carried out to determine these qua l it i es in the protein sources
fed during this experiment.

However, assumptions made on these were

based upon amino acid composition data of feedstuffs and on solubility
studies reported by several researchers.

Wohlt et al. (1973a) and

60

Broderick (1975) have considered urea as the most soluble (essentially
100%) source of nitrogen for the ruminant, and it is devoid of amino
acids.

Soybean meal has been cited as a high quality source of protein

on basis of content in essential amino acids, but it is a readily soluble
protein in the rumen fluid (Bergen, 1979).

As for corn gluten meal, it

has been known to have a lower amino acid profile than soybean meal and
a slower rate of degradation than soybean meal or urea in the rumen fluid
(Klopfenstein et al., 1974a).
Results obtained during the experiment concerning average daily
gain are in agreement with those reported by Brugman et al. (1973) who
obtained faster rates of gain for feedlot lambs fed soybean meal diets
than for those fed urea as the supplemental nitrogen source.

In

disagreement are studies conducted by Braman et al. (1973) who reported
faster rates of gain for lambs f ed urea supplements than for those fed
fl
soybean
meal supplements.

protein.

These diets contained a level of 11% crude

No information was f ound related to feeding corn gluten meal,

urea-corn gluten meal and urea-soybean meal to feedlot lambs.

However,

studies carried out utilizing other r uminants (young calves) by
Klopfenstein et al. (1974b) indicated that average daily gains were
higher (P<.05) for animals fed diets with urea-corn gluten meal or
soybean meal than for those fed di ets supplemented with urea-soybean
meal or urea.

Average daily gain (tabl e 3 ) obtained during the experi-

ment indicated no differences between sources of supplemental protein
with the exception of the urea-supplemented group which gained at a
lower (P>.05) rate.

Direct comparisons of these data to those reported
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by Klopfenste.in et al.

(1974b) cannot be made due to species of animals

used and differences in basal diets.

Young calves and yearling steers

fed diets consisting of 60% corn cobs were utilized in the studies
conducted by Klopfenstein et al. (1974b) to obtain the results indicated
above.
The lack of response as related to apparent variation in protein
solubility in this study is in agreement with studies reported by
Bergen et al. (1973) and Wohlt et al. (1976).

No differences in rate of

gain were observed when comparing diets with protein supplements of low
solubility to those supplements of high solubility.

However, in studies

carried- out by Sherrod and Tillman (1962), Glimp et al. (1967), Hudson
et al. (1969), Peter et al.

(1971) and Martinez et al. (1975), a faster

rate of gain was reported for feedlot lambs fed diets low in soluble
proteins as compared to those fed diets high in soluble proteins.
Feed Consumption
Accumulated average daily dry feed consumption at 21, 43 and
99 d is shown in table 3.

The lambs were full-fed ground ear corn at

the beginning of the experiment and showed essentially no differences
between treatment groups for the first 21 d.

Therefore, differences in

weight gain noted during this period could not result from the amount
of feed intake.
With increasing weight and time on experiment, there was an
increase in feed intake for all diets.

Protein-supplemented groups

showed higher feed intake as compared to the nonsupplemented control
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after 43 d of feeding.

No differences in feed intake were observed

between protein-supplemented diets.
Treatment means at 99 d compared by using the Waller-Duncan
K-ratio t test (Waller and

Dunc~n,

1969) indicated higher (P<.OS) dry

matter intake for lambs fed diets _with soybean meal, corn gluten meal
or urea-corn gluten meal.

Lambs fed the control diet consumed the

smallest (P<.OS) amount of dry matter.

The increase of dry matter intake

for urea and soybean meal over the control was 4.96% and 5.78%,
respectively (P>.OS).

There were no differences (P>.OS) between protein-

supplemented diets, but lambs fed urea or urea-soybean meal diets
consumed slightly less dry feed than those fed soybean meal, corn gluten
meal or urea-corn gluten meal.
Results presented here are in agreement with those reported by
Wohlt et al. (1976) who obtained no differences in feed intake when
feeding diets which differ in protein sources and protein solubility
to feedlot lambs.

When feeding similar diets to those fed during this

experiment (urea, corn gluten meal or urea-corn gluten meal) to growing
cattle, no differences (P>.OS) in feed intake were observed between
supplemented diets.

However, animals consuming the corn gluten meal

diet ate slightly more (Schindler and Farlin, 1980).
In studies carried out by Klopfenstein et al. (1974b), calves
and yearling steers consumed less dry matter from urea-supplemented
diets than from soybean meal, urea-soybean meal or urea-corn gluten
meal diets.

Such differences were not - observed in the study reported
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here.

However, there were some small similar trends, but these trends

do not support clearly the findings reported by the Nebraska workers.
Feed Efficiency
Accumulated feed efficiency at 21, 43 and 99 d as affected by
protein supplementation is presented in table 3.

The control group which

consumed less feed and gained at a lower rate had higher feed requirements
than protein-supplemented groups.

One exception was the urea-supplemented

group at 99 d where feed requirements were about the same as for the
control group (table 3).
At 21 d of feeding, di fferences in feed efficiency between the
protein-supplemented lambs and nonsupplemented controls were considerable
(up to 23%); but, as the experiment progressed, the differences were
smaller (not more than 11%).

No differences in feed efficiency were

observed between the soybean meal and corn gluten meal groups throughout
the trial .

Using urea as the n i trogen so urce improved feed efficiency

over the nonsupplemented control during the first two periods, with
essentially no effect at termination of the 99-d experiment.

This was

due principally to the increased feed i ntake and decreased rate of gain
by the urea group.

Substituting one-half of the protein provided by

soybean meal or corn gluten meal with urea did not appear to affect
feed efficiency during the course of the experiment.
Since feed intake was similar for a l l protein-supplemented
groups, feed efficiency would be primarily a reflection of differences
in rate of gain.

Average treatment means for feed efficiency on a 'dry

basis for the 99-d experiment (table 3) were analyzed statistically by

64

using the Waller-Duncan K-ratio t test (Waller and Duncan, 1969).
Differences between treatments were not significant (P>.OS).

However,

lambs consuming soybean meal or urea-soybean meal were slightly more
efficient than those consuming corn gluten meal and urea-corn gluten
meal diets.

These supplemented groups were more efficient than urea and

control supplemented groups.
In previous studies in which solubility of proteins was the main
concern, Hudson et al. (1969) reported no differences in feed efficiency
by growing lambs when fed diets low or high in soluble proteins which
contained 12% crude protein.

Results obtained in the study reported

here are supported by their findings when similar levels of crude
protein were fed.

On the ·other hand, with levels of 10 and 14% crude

protein (Hudson et al., 1969) proteins of low solubility appeared to
improve feed efficiency.
All protein-supplemented diets with the exception of the one
with urea resulted in improved (P>.OS) feed efficiency.

Lambs fed urea-

soybean meal diets were 11.3% more efficient than the control group,
while soybean meal, corn gluten meal and urea-corn gluten meal diets
improved feed efficiency by 10.1, 9.0 and 8.5%, respectively, over the
99-d experiment.
Several studies carried out with lambs and steers have shown
inconsistent results.

For example, Braman et al. (1973) obtained better

feed efficiency (P<.05) for soybean meal diets fed to steers than for
urea-supplemented diets.

However, results reported by Brugman et al.

(1973) showed no differences in feed conversion when soybean meal or
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urea diets were fed to finishing lambs.

Klopfenstein et al. (1974b)

showed better feed efficiency for young calves consuming urea-corn
gluten meal diets over calves consuming urea or soybean meal diets.
These researchers also reported that finishing steers consuming corn
gluten meal diets had better feed efficiency than those fed soybean
meal diets.

Schindler and Farlin (1980) also reported poorer feed

efficiency for steers fed corn gluten meal diets than for those fed urea
or urea-corn gluten meal diets.

These findings are in disagreement with

the study reported here, which indicates perhaps that experimental
conditions as to animals, feed and management were sufficiently different
to account for differences in results.

Major differences observed were

in animal species (cattle vs sheep) and basal diets fed (high-moisture
corn, corn cobs vs ground ear corn).
Digestion-Nitrogen Balance-Daily Collection Trial
During Adaptation
The various performance characteristics under study in this
experiment were considered separately as to effects of dietary treatments
and days on trial.

Statistical analyses of the data are presented in

appendix tables 4 through 10.
Dry Matter Intake
The lambs were weighed and allotted to the different treatments
on the basis of weight after 32 d of individual feeding of the basal
diet without supplemental protein.

They were then placed in metabolism

crates and for 8 d were allowed to adjust to the crates and to determine
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feed intake under these conditions.

Experimental supplements (table 1)

were randomly assigned and then the daily collection-digestion-nitrogen
balance trial was initiated.

Average weights for 4 lambs assigned to

control, soybean meal, corn gluten meal, urea, urea-soybean meal or
urea-corn gluten meal at the beginning of the trial were 32.0, 31.9,

31.9, 31.9, 31.9 and 31.9 kg, respectively.

On day 1, the supplements were offered for the first time by
giving each lamb an amount of feed considered to be a full feed rate.
For subsequent days, feed offered was based on that consumed the day
before with increases or decreases as appropriate.

Dry matter consumed

(table 4) was obtained by subtracting feed left from feed provided
(dry basis).

Since there were a few times in which no weigh backs were

obtained, the results presented in table 4 are not true measures of how
dietary treatments affected feed intake.

However, results presented in

table 4 were close to the full-fed rate since the occasions in which no
weigh backs were obtained were few and amounts small.
The daily dry matter consumed during adaptation to the various
sources of supplemental protein is presented in table 4 and graphically
in figure 2 (appendix).

Differences observed between treatments at

day 1 are considered reflections of individual feed intake rather than a
treatment effect at this stage of the trial.

Differences remained at

about the same magnitude throughout the trial with only slight changes
compared to the beginning.

As the adaptation period advanced, feed

intake for all treatments improved slightly with higher feed intake at
the end of the trial.

TABLE 4.

DAILY DRY MATTER CONSUMED BY LAMBS DURING ADAPTATION TO VARIOUS SOURCES OF
SUPPLEMENTAL PROTEIN WITH EAR CORN DIETS (G)
Dals

Treatment

1

2

3

4

5

6

7

8

9

10

Avg

Control

756

775

779

797

786

781

786

784

798

792

783

Soybean meal

803

805

823

814

770

722

775

818

848

848

803

Corn gluten meal

893

905

916

915

883

890

893

900

896

925

902

Urea

878

880

876

883

861

873

889

895

896

895

886

Urea-soybean mea l

720

755

791

791

776

757

777

785

805

802

776

Urea-corn gluten meal

879

916

925

923

909

902

909

909

927

916

912

Avg

822

839

852

854

831

821

838

848

862

863

0\
--..,J
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On basis of changes during the course of this collection period,
supplemental protein treatments did not appear to affect dry matter
intake.

However, feed intake is not likely to be optimum for animals

in digestion-metabolism crates.

The data are presented primarily to

show the level of dry matter intake during the collection period and
for use in evaluating the digestion and nitrogen balance data presented.
Nitrogen Intake
Total daily nitrogen intake by supplemental treatments is
presented in table 5 and graphically in figure 6 (appendix).

Since the

protein content of the different diets was constant, average intakes
by treatment and by day are reflections of dry matter

int~ke.

Nitrogen

intake data are presented here and separately because of its relationship to the feed intake and the need for nitrogen intake when considering
nitrogen excretion in the feces and urine for evaluating effects of
the supplementary sources of protein on diet utilization.
Organic and Dry Matter Digestibility
Dry matter and organic matter digestibilities as affected daily
by sources of supplemental protein are presented in table 6 and graphically in figures 3 and 5 (appendix).

Digestibility of dry matter or

organic matter is used as a method for determining energy digestibility
and is indicative of overall fermentative activity within the rumen.
each measures the same characteristics of the diet.

Thus,

Of the two, organic

matter should be preferred since it is. not influenced as is dry matter by
the amount of the various minerals in the diet which furnish no energy.

TABLE 5.

DAILY TOTAL NITROGEN CONSUMED BY LAMBS DURING ADAPTATION TO VARIOUS SOURCES OF
SUPPLEMENTAL PROTEIN WITH EAR CORN DIETS (G)
Days

Treatment

1

2

3

4

5

6

7

8

9

10

Avg

Control

11.5

11.7

11.8

11.6

11.4

11.3

11.5

11.4

11.6

11.5

11.5

Soybean meal

15.3

15.2

15.7

15.0

14.4

13.4

14.5

15.1

15.6

15.6

15.0

Corn gluten meal

17.1

17.1

17.5

17.0

16.6

16.7

16.5

16.5

16.5

16.9

16.8

Urea

16.7

16. 7

16 . 7

16.2

16.0

16.2

16.2

16.5

16.4

16.3

16.4

Urea-soybean meal

14.2

14.8

15.3

14.8

14.6

14.2

14.5

14.6

15.0

14.9

14.7

Urea-corn gluten meal

16.7

17.3

17.5

17.0

16.7

16.6

16.7

16.7

17.0

16.8

16.9

Avg

15.3

15.5

15.8

15. 3

15.0

14.7

15.0

15.1

15.4

15.3

0'\
\.0

TABLE 6. DAILY APPARENT DIGESTIBILITY OF ORGANIC HATTER AND DRY MATTER BY LAMBS DURING
ADAPTATION TO VARIOUS SOURCES OF SUPPLEMENTAL PROTEIN WITH EAR CORN DIETS (%)
Treatment/Fraction
digested

Da:ls
1

2

3

4

5

6

7

8

9

10

Avg*

Control
Organic matter
Dry matter

69.9
69.2

71.1
71.0
70.1 . 70.1

74.1
73.3

72.4
71.5

75.2
74.4

73.6
72.8

74.9
74.3

76.8
75.8

80.0
79.4

73.9b
73.1c

Soybean meal
Organic matter
Dry matter

62.7
62.2

77.8
77.0

76.0
75.1

77.9
76.9

79.3
78.3

77.5
76.5

77.3
76.3

79.2
78.2

82.2
81.3

80.3
79.3

77.0a
8
76.1

Corn gluten meal
Organic matter
Dry matter

63.8
63.1

70.8
70.2

73.5
72.7

78.1
77.'2

77.6
76.8

77.6
76.7

77.9
76.9

78.1
77.2

76.2
75.2

80.2
79.5

75.4ab
74.6abc

Urea
Organic matter
Dry matter

65.0
63.7

75.2
74.1

76.1
75.0

79.6
78.8

76.1
75.0

76.5
75.4

78.5
77.6

78.6
77.7

80.8
80.0

80.6
80.0

a
76.7 b
75.7a

Urea-soybean meal
Organic matter
Dry matter

69.8
68.9

74.8
73.8

75.8
74.8

76.2
75.0

75.3
74.1

75.9
74.8

75.5
74.8

78.2
77.5

82.9
82.3

81.5
80.7

a
76.6 b
75.7a

Urea-corn gluten meal
Organic matter
Dry matter

65.3
64.7

74.4
73.4

72.7
71.8

74.3
73.7

72.7
71.9

73.5
72.8

77.6
77.0

76.5
76.0

78.5
77.8

80.6
79.8

b
74.6b
73.9 c

Avg*
Organic matter
Dry matter

66.1f
65.3g

e
74.0f
73.1

74.2de
73.3ef

76.7bc
75.8cd

75.6cde
74.6dt!f

76.0bcd
75.1cde

b
76.7 d
75.9c

b
77.6b
76.8 c

a
79.6 8 b
78.7

80.5a
79.8a

*Means within a column or row followed by unlike superscripts differ (P<.OS).

"'0
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Similar results for supplemental treatments were obtained for digestibility of each with the organic matter apparent digestibility being
slightly higher in all direct comparisons.
Pronounced improvements in organic matter digestibility were
observed at the second day with soybean meal, urea, urea-soybean meal
and urea-corn gluten meal-supplemented lambs as compared to the control
group.

Corn gluten meal showed improvement by the second day but not as

pronounced as for the other supplements.

It was not until the fourth

day that corn gluten meal-supplemented lambs showed organic matter
digestibility similar to the other supplemented groups.

Control lambs

showed a greater lag in reaching optimum digestibility of the organic
matter.

Only at day 10 did they appear to equal the supplemented lambs

in digestibility of organic matter.
Urea compared favorably to soybean meal over the 10-d trial on
the basis of digestibility of organic matter.

Differences obtained

daily throughout the trial between urea and soybean meal were not
appreciable.

Addition of urea to soybean meal resulted only in small

differences in comparison to soybean meal-supplemented lambs.

Generally,

urea-soybean meal-supplemented lambs showed slightly lower digestibility
except for near the end of the 10-d collection period.

Urea-corn gluten

meal-supplemented lambs generally showed lower organic matter digestibility than corn gluten meal alone, but these differences were closer
at day 10 of the experiment.

Under these conditions, · urea appears to

be comparable to soybean meal and corn ·gluten meal.

After 10 d, all

treatments improved organic matter digestibility to about the same
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degree.

There was no evidence of a period of adaptation being required

for urea on the basis of organic matter digestibility.
Averaged over the 10-d trial, the control group showed a lower
(P<.05) organic matter digestibility than soybean meal, urea and ureasoybean meal-supplemented lambs.

The combination of urea-corn gluten

meal did not show improvement (P>.05) over the corn gluten meal alone.
More improvement might have been expected here because of the combination
of a more insoluble source (corn gluten meal) with a more soluble
nitrogen source (urea).

Gallup et al. (1952) showed higher digesti-

bility of the organic matter for urea-corn gluten meal-supplemented
lambs over either of these supplements fed alone.

A complementary

effect of corn gluten meal with urea was also reported by Klopfenstein
et al. (1974b) when feeding growing calves and steers.

Similar effects

were obtained in rumen fermentation studies (Klopfenstein et al., 1974a).
Diets that apparently had a faster rate of degradation in the
rumen (soybean meal, urea and urea-soybean meal) tended to have a higher
organic matter digestibility.

Gallup et al. (1952) reported that

feeding of urea and soybean meal resulted in higher organic matter
digestibility for lambs than obtained for control or corn gluten
supplemented diets.

meal~

Similar results were reported by Nishimuta et al.

(1973) when feeding high and low soluble protein diets to lambs.

Results

reported by Glimp et al. (1967), Hudson et al. (1970) and Wohlt et al.
(1976) are in disagreement with trends found in this study.

Their

results indicate that low soluble protein diets had a higher digestibility of the organic matter as compared to the high soluble protein diets.
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Main differences between experimental treatments shown in
table 6 appeared to be a prompt response for soybean meal, urea, ureasoybean meal and. urea-corn gluten meal but lagged for corn gluten meal
and the control-supplemented lambs.

These results are indicative of a

very short adaptation to the supplemental treatments, especially urea
fed alone or in combination with soybean meal or corn gluten meal.
Fecal Nitrogen and Crude Protein Digestibility
Total fecal nitrogen and apparent digestibility of the crude
protein as affected by supplemental treatments and day of feeding are
presented in table 7 and figures 4 and 7 (appendix).
be with protein digestibility.

Emphasis here will

Fecal nitrogen is shown in table 7 since

it represents the undigested fraction and shows that part of the protein
loss through feces for the nitrogen balance data.
Crude protein apparent digestibility was improved (P<.OS) by
protein supplementation over the 10-d trial.

Response to protein

supplementation was shown by a prompt increase in digestibility for all
protein-supplemented diets by the second day on experiment.

Differences

between supplements appeared to be a slight lag in the digestibility
response to corn gluten meal.
Control supplement with 9.8% crude protein was not adequate for
optimum digestibility of crude protein.

Lambs fed this diet had the

lowest digestibility of _rude protein throughout the 10-d trial.
Hudson et al. (1969) reported similar responses indicating that protein
digestibility of the diet improved (P<.OS) when lambs were fed diets
with 12% protein as compared to 10% protein.

TABLE 7.

DAILY APPARENT DIGESTIBILITY OF CRUDE PROTEIN AND TOTAL FECAL NITROGEN BY LAMBS DURING
ADAPTATION TO VARIOUS SOURCES OF SUPPLEMENTAL PROTEIN WITH EAR CORN DIETS
Da s
5

6

7

8

9

10

4.84
57.6

4.55
59.7

5.17
55.0

4.82
57.4

4.89
57.8

4.25
63.4

4.86
58.0

4.84
67.6

4.31
70.2

4.19
68.3

4.66
68.1

4.66
68.8

4.26
72.5

4.74
69.5

4.76b
3
68.1

5.87
66.3

4.87
71.2

5.13
69.5

5. 27
68.6

5.44
67.5

·5.34
69.9

5.77
64.6

4.90
70.6

5.53a
67.3a

5.29
69.2

5.18
68.3

4.60
71.2

5.58
65.5

5.66
65.2

5.67
65.6

5.5]
·66.5

5.05
69.3

4.98
69.6

5.61a
66.6a

5.07
64.2

4.44
70.1

4. 59
70.0

4.87
67.1

. 4.99
65.8

4.88
65.5

4.97
65.4

4.50
69.2

3.70
75.3

4.26
71.4

4. 63b
68.4a

Urea-·corn gluten meal
Fecal N, g
Digested, %

6.65
60.1

4. 98
71.3

5.45
69.1

5.21

69.5

5.66
66.1

5.65
66.2

5.04
70.1

5.48
67.4

5.26
69.1

4.84
71.2

5.42a
68.0a

Avg*
Fecal N, g
Digested, %

6.4aa
57.7

4.93b
67.8abc

5.16b
66.7abc

4.83b
67.9abc

5.ogb
65.8 c

5.06b
65 •.6 c

5.16b
65.3c

5.06b
66.5 c

b
4.82b
68.la

4.66b
69.3a

1

2

3

4

Control
Fecal N, g
Digested, %

5.36
53.5

4.96
57.3

5.09
57.2

4.56
60.6

Soybean meal
Fecal N, g
Digested, %

6.90
54.5

4. 27
72.1

4.76
69.5

Corn gluten meal
Fecal N, g
Digested, %

7.12
58.0

5.62
67.0

Urea
Fecal N, g
Digested, %

7. 51
55.8

Urea-soybean meal
Fecal N, g
Digested, %

Treatment/Fraction

~*

b

*Means within a column or row followed by unlike superscripts differ (P<.05).
-....1

.p..
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Data obtained during this study indicate that apparently no
adaptation period of any practical importance was needed for the supplements, including urea, since lambs responded promptly and positively to
protein supplementation.

Urea supplementation is commonly associated

with a need for several days of adaptation.

Early detrimental effects

often reported in the literature (Church, 1976) when this supplement
is fed were not observed, probably due to factors such as prior adaptation to the basal diet (90% of the total diet), rumen fill at the
beginning of the experiment and levels of urea fed (.4 and .8%)
throughout the experiment.

Urea in combination with soybean meal or

corn gluten meal also did not appear to affect digestibility of crude
protein.
Similarity in the response to crude protein digestibility of
the various sources of supplemental protein over the unsupplemented
control was reported by Gallup et al. (1952).

These researchers

indicated that, when diets containing soybean meal, corn gluten meal,
urea, urea-soybean meal or urea-corn gluten meal were fed to lambs,
higher digestibility of crude protein than the unsupplemented control
was obtained.

However, improved protein digestibility when feeding high

soluble protein diets over low soluble protein-supplemented diets
reported by Wohlt et al. (1976) and Owens (1978) was not observed in
this trial.
Urinary Nitrogen
Urinary nitrogen in grams per day and as a percentage of nitrogen
intake as affected daily by supplemental protein source is presented
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in table 8.

Daily urinary nitrogen is also presented graphically in

figure 8 of the appendix.

Urinary nitrogen is composed of absorbed

feed nitrogen not utilized by the animal and endogenous nitrogen from
body metabolism and represents the body nitrogen losses by this means.
All protein-supplemented lambs showed higher (P<.05) daily
urinary nitrogen loss than control lambs.

These differences were

observed from the beginning of the trial through the 10 d of collection.
Church (1976) indicated that lambs with higher nitrogen intake will have
higher urinary nitrogen resulting from increased levels of plasma urea.
The urinary nitrogen data presented here appear to follow this trend.
Little et al. (1963), Egan and Kellaway (1971), Wohlt et al. (1973b) and
Sniffen (1974) have also reported that diets which have · higher amounts
of soluble nitrogen available tended to result in more nitrogen in the
urine.
Urinary nitrogen as a percentage of the nitrogen intake data
presented in table 8 indicated that supplements containing protein of
high solubility showed higher urinary nitrogen as a percentage of intake.
Soybean meal, urea and urea-soybean meal resulted in the highest urinary
nitrogen as a percentage of nitrogen intake.
evident over the 10 d of collection.

In general, this was

Corn gluten meal resulted in the

lowest excretion as a percentage of nitrogen intake over the 10-d period.
This smaller loss of urinary nitrogen was more evident through the
first 6 d of collection.

Urea-corn gluten meal resulted in a slight

increase in urinary nitrogen as a percentage of intake over corn gluten

TABLE 8. DAILY URINARY NITROGEN AND URINARY NITROGEN AS A PERCENTAGE OF TOTAL NITROGEN INTAKE OF
LAMBS DURING ADAPTATION TO VARIOUS SOURCES OF SUPPLEMENTAL PROTEIN WITH EAR CORN DIETS
Days
1

2

3

4

5

6

7

8

9

10

Control
Urinary N, g
% of intake

4.32
37.6

4.16
35.6

4.20
35.6

4. 19
36.1

3.96
34.7

4.07
36.0

4.08
35.5

3.91
34.3

3.29
28.4

3.69
32.1

Soybean meal
Urinary N, g
% of intake

5.18
33.9

5.35
35.2

5.69
36.2

6.25
41.7

6.26
43.5

6.29
46.9

6.05
41.7

6.05
40.1

5.05
32.4

5.76a
5. 41 .
34.7
38.6

Corn gluten meal
Urinary N, g
% of intake

4.85
28.4

5.97
34.9

5.25
30.0

5.10
30.0

5.39
32.5

5.16
30.9

5.97
36.2

6.62
40.1

6.04
36.6

5.98
35.4

5.63a
33.5

Urea
Urinary N, g
% of intake

6.05
36.2

5.48
32.8

6.65
39.8

6.47
39.9

6.73
42.1

6.08
37.5

5. 56· 6.78
41.1
34.3

6.19
37.7

6.03
37.0

6.20a
37.8

Urea-soybean meal
Urinary N, g
% of intake

5.76
40.6

5.91
39.9

5.63
36.8

5.69
38.4

5.74
39.3

5.59
39.4

5.58
38.5

5.91
40.5

5.36
35.7

5.87
39.4

5.70a
38.9

Urea-corn gluten meal
Urinary N, g
% of intake

5.80
34.7

6.97
40.3

6.35
36.3

5.82
34.2

5.75
34.4

6.18
37.2

5.18
31.0

5.99
35.9

5.70
33.5

6.05
36.0

5.98a
35.4

5.33
35.2

5.64
36.5

5.63
35.8

5.59
36.7

5.64
37.8

5.56
38.0

5.40
36.2

5.88
38.7

5.27
34.1

5.51
35.8

Treatment/Fraction

Avg*
4.00b
34.6

Avg
Urinary N, g
% of intake

*Means within this column followed by unlike superscripts differ (P<.05).
""-J
""-J
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meal alone and gave values which were between those of the urea and corn
gluten meal groups except toward the end of the trial.
In general, urinary nitrogen as a percentage of nitrogen intake
over the 10-d trial tended to be lower for those supplements containing
protein of lower solubility.

The increase in urinary loss as a percentage

of intake was more pronounced for lambs fed urea-corn gluten meal than
for animals fed urea-soybean meal but with higher values generally evident
for the urea-soybean meal group.

Lower urinary nitrogen trends for diets

of lower solubility such as these observed in this study were also
reported by Egan and Kellaway (1971), Wohlt et al. (1973b) and Sniffen
(1974).
Nitrogen Retention
Nitrogen retention daily and as a percentage of total nitrogen
consumed by the lambs during adaptation to various sources of supplemental
nitrogen are shown in table 9 and graphically in figures 9 and 10
(appendix).

These values represent the net available to the animal after

deducting exogenous and endogenous losses in urine and feces from
nitrogen consumed.
During the trial, lambs in all treatment groups showed a positive
nitrogen balance.

Average gain over the 10 d of adaptation for lambs

fed control, soybean meal, corn gluten meal, urea, urea-soybean meal or
urea-corn gluten meal diets were 1.9, 2.4, 3.8, 3.1, 2.3 and 3.4 kg,
respectively.

All supplemental

treatm~nts

showed an improvement (P<.OS)

over the control in amount of nitrogen retained from the beginning of
the trial.

Among lambs fed protein supplements, a higher (P<.OS) amount

TABLE 9.

DAILY AMOUNT OF NITROGEN RETAINED AND PERCENTAGE OF NITROGEN RETAINED OF THE TOTAL NITROGEN CONSUMED BY
LAMBS DURING ADAP _'ATION TO VARIOUS SOURCES OF SUPPLEMENTAL PROTEIN WITH EAR CORN DIETS
Da s
5

6

7

8

9

10

Avg*

2.60
22.8

2.71
24.0

2.21
19.2

2.70
23.7

3.44
29.7

3.59
21.2

2.70c
23.4c

3.90
26.0

3.79
26.3

2.95
22.0

3.74
25.8

4.41
29.2

6.29
40.3

5.44
34.9

4.46b
29.6a

6.33
36.3

7.00
41.2

6.06
36.5

6.23
37.3

5.11

31.0

4.56
27.6

4.69
28.4

6.00
35.5

5.66a
33.6a

5.95
35.6

4. 83
28 . 9

5.14
31.7

3.71
23.2

4.42
27.3

. 5.01
30.9

4.22
25.6

5.11
31.2

5.31
32.6

28 . 6

3.36
23.7

4.44
30.0

5.11
33.4

4.20
28.4

3.86
26.4

3.69
26.0

3.92
27 .o

4.22
28.9

5.92
39.5

4.73
31.7

29.5a

Urea-corn gluten meal
N retained, g
% of intake

4.26
25.5

5.33
30.8

5.74
32.8

5.94
34.9

5.32
31.9

4.81
29.0

6.46
38.7

5.18
31.0

5.99
35.2

5.87
34.9

a
5.49b
3
32.5

Avg*
N retained, g
% of intake

3.48c
22.4c

4.91ab
31.3ab

4.96ab
3l.Oab

4.83ah
31.1 ab

4.22bc
27.9abc

4.14bc
27.6abc

4.41ab
28.8ab

4.22bc
27.7abc

5.24a
34 .1a

5.16a
8
33.5

1

2

3

4

Control
N retained, g
% of intake

1.82
15.8

2.57
22.0

2.51
21.3

2.81
24.2

Soybean meal
N retained, g
;~ of intake

3.21
21.0

5.62
37.0

5.22
33.2

Corn gluten meal
N retained, g
% of intake

5.09
29.8

5.55
32.5

% of i ntake

3.12
18.7

Urea-soybean meal
N retained, g
% of intake

Treatment/Fraction

Urea
N. retained, g

b

4.6~b

4.3~

. *Means within a column or row followed by unlike superscripts differ (P<.05).
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of nitrogen retained was observed for corn gluten meal and urea-corn
gluten meal over soybean meal, urea and urea-soybean meal.

Differences

in feed intake (table 4) and protein levels resulted in differences in
nitrogen intake.

Amount of nitrogen retained will be influenced more

by these differences in intake than will nitrogen expressed as a
percentage of intake.

Therefore, results from the various supplemental

treatments will be discussed as to the effects on nitrogen retained as
a percentage of total nitrogen intake.
Nitrogen retained as a percentage of the nitrogen consumed was
improved (P<.05) over the control by all lambs supplemented with protein.
Similar results were reported by Hudson et al. (1969) when feeding proteinsupplemented diets containing 12% crude protein as compared to the
unsupplemented control which had 10% protein.
Over the 10-d trial lambs fed soybean meal showed a higher (P<.05)
percentage of nitrogen retained than the control.

Daily variation was

considerable, but nitrogen retention for soybean meal-supplemented lambs
was generally higher than for the control.

The greatest improvement over

the control was observed early in the experiment.
Corn gluten meal resulted in a higher (P<.05) percentage of
nitrogen retained over the control than did soybean meal during the 10 d
of collection.

While considerable daily variation was again evident,

in general, daily nitrogen retention favored corn gluten meal over
soybean meal.
Nitrogen retained averaged over the 10 d of collection during
adaptation for lambs fed the urea diet was higher (P<.05) than for the
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control and nearly equal to the soybean meal group.

This higher

nitrogen retention average is a reflection of trends observed throughout
the trial where urea-supplemented lambs generally showed
nitrogen retention than the control.

daily

great~r

Nitrogen balance was similar for

urea and for soybean meal over the 10-d trial with no major or consistent
daily differences.

Nitrogen retention by urea-supplemented lambs as

compared to corn gluten meal was lower (P<.OS) over the 10-d period,
especially during the first 6 d of the experiment.
Substituting urea for one-half of the protein provided by
soybean meal did not appear to improve nitrogen utilization over lambs
fed these supplements alone.

No appreciable change in the value of

soybean meal observed by the addition of urea would indicate that
combining a highly soluble source of nitrogen with soybean meal was not
detrimental on the basis of nitrogen retention, even though soybean
meal is readily degraded in the rumen.
Combining urea with corn gluten meal appeared to offer some
improvement (P>.OS) over the urea group during the 10 d of adaptation.
-On the other hand, urea combined with corn gluten meal resulted in no
appreciable or consistent changes from corn gluten meal alone.

The

complementary effects often reported when these supplements are fed
together (Klopfenstein et al., 1974b) were not evident in this experiment.
Diets containing less soluble sources of nitrogen such as corn
gluten meal showed better nitrogen utilization than those containing
more soluble nitrogen such as soybean .meal and urea.

Several

researchers (Chalmers et al., 1954; Nishimuta et al., 1973; Sniffen,
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1974; Wohlt et al., 1976) have reached similar conclusions.

These

researchers concluded that diets with protein of low solubility tend to
decrease rumen degradation, resulting in a decrease of ammonia wastage
in the rumen, thus enhancing nitrogen utilization.

Gallup et al. (1952)

reported similar trends for lambs fed corn gluten meal or urea-corn
gluten meal as opposed to those fed soybean meal or urea-soybean meal.
Contrary to the results found in this experiment, Gallup et al. (1952)
also reported that lambs supplemented with urea showed higher nitrogen
retention than lambs supplemented with soybean meal or corn gluten meal.
However, in studies reported by Waller et al. (1980), nitrogen retention
by lambs fed urea-soybean meal diets was higher than for lambs consuming
urea-supplemented diets.
Results concerning nitrogen retention are supported by the crude
protein digestibility data and both indicate that as the trial advanced
nitrogen utilization generally improved.

The greater responses obtained

early in the trial were probably due to increases in the number of rumen
microflora triggered by the presence of more nitrogen as indicated by
Church (1976).

Addition of protein supplements at the first day of the

adaptation period increased the amount of nitrogen present in the rumen,
resulting in proliferation of microbes.

This increased microbial

population yielded an improved nitrogen utilization which was observed
for all protein-supplemented treatments.

Similar trends as those found

in this study were reported by Lloyd et al. (1956) and Church (1976).
These researchers indicated that, when animals were not adapted to the
diet, nitrogen utilization was lower early in the experiment and then

83

improved as the lambs became adapted to the diets.

A general observation

is that dietary changes would offset the normal rumen fermentation and
that a relative amount of time is needed to normalize rumen function and
therefore obtain constant digestibility.

In this regard, Lloyd et al.

(1956) and Church (1976) concluded that a 10-d preliminary period was
an adequate adjustment period to dietary changes.

Church (1976) added

that a period of 4 to 6 wk may be necessary when dietary changes are
drastic.

However, it was indicated in this study that any adaptation

period was of very short duration under the conditions of the experiment
due to the prompt adjustment period exhibited by the protein-supplemented
lambs·.
Digestion-Nitrogen Balance Trial During Postadaptation
This study was conducted 15 d after the end of the adaptation
trial.

Lambs and diets utilized were the same as those for the 10-d

collection trial during adaptation.

During the 15 d, the lambs were

placed in individual pens for further adaptation to the previous diets
and to establish individual feed intake.

After this pre·liminary period,

the lambs were weighed and placed in metabolism crates and allowed to
adapt to the crate before starting the total collection trial.

Feeding

procedures followed during the postadaptation trial were similar to
those used in the adaptation trial with the exception that lambs were
already adapted to the various diets (90% basal plus 10% supplement)
Statistical analyses of the data obtained during postadaptation are
shown in appendix tables 11 through 17.
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Digestibility

~

Nutrients

Feed consumed and nutrient digestibility as affected by various
sources of protein during postadaptation are shown in table 10.

Dry

matter consumption data presented in table 10 were obtained by
subtracting feed left from total feed provided on a dry basis.

Since

there were a few times in which no weigh backs were obtained, the dry
matter intake results shown in table 10 are not accurate measures of
how dietary treatments affected feed intake.

However, these values

essentially represent full-fed intake for the animals since the occasions
in which no feed refusals were obtained were few.

On this basis, it was

observed that lambs fed all protein-supplemented diets showed higher
feed intake than the unsupplemented control.

Among protein-supplemented

diets, lambs fed urea or urea-corn gluten meal had higher dry matter
intake.

However, these differences were considered reflections of

individual feed intake rather than treatment effects, since these
differences were evident at the beginning of the trial.
When dry matter consumed during postadaptation was compared
to that obtained during adaptation, it was observed that all treatment
groups showed increased dry matter intake.

The increase in dry matter

intake was probably a reflection of the increase in size of the lambs
at this time.

Lambs during adaptation averaged about 32 kg, while

during this trial the average weight was about 38 kg.

However, further

adaptation to the diets might well be responsible for part of the
increase in dry matter intake observed during postadaptation.

TABLE 10.

FEED CONSUMED AND NUTRIENT DIGESTIBILITY AS AFFECTED BY VARIOUS SOURCES
OF PROTEIN DURING POSTADAPTATION

Item
No. of lambs
Avg wt, kg
Dry matter consumed, g/ d
Apparent digestib ility, %
Dry matter

Control
4
37 . 3
844

Ureasoybean
meal

Urea-corn
gluten
meal

Corn
gluten
meal

Urea

4

4

4

4

4

38.8

38.4

38.1

37.6

38.8

Soybean
meal

988

964

1049

911

1046

70.9

72.0

72.2

74.5

71.2

71.1

Organic matter

72.0

72.7

73.4

75.6

73.2

71.9

Crude protein

52.9a

65.6b

65.2b

65.3b

66.2b

66.2b

-a,b Means within rows followed by unlike superscripts differ (P<.OS).
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Dry matter and organic matter digestibility as affected by
source of supplemental protein is shown in table 10.

As mentioned

before, digestibility of dry matter and organic matter was used as
a method for determining the digestibility of the energy fraction and
is indicative of the fermentative activity within the rumen.
bility results obtained for each were similar.

Digesti-

However, the organic

matter apparent digestibility was slightly higher in all direct
comparisons.
No differences (P>.OS) in organic matter digestibility were
observed between treatment groups during postadaptation with lambs
fed urea having the highest value.

The sources of supplemental protein

used did not appear to affect rumen activity as measured by organic
matter digestibility at this stage of the experiment.

Trends for

urea-corn gluten meal-supplemented lambs did not show the complementary
effect reported by other researchers (Klopfenstein et al., 1974b),
when these supplements were fed combined.

Instead · a slight decrease

in digestibility of the organic matter was observed for lambs fed
urea-corn gluten meal as compared to the corn gluten meal-fed lambs.
No consistent trends were observed due to protein solubility
during postadaptation.

This was contrary to the results obtained

during adaptation and to the trends reported by Gallup et al. (1952)
or Nishimuta et al. (1973) in which proteins of higher solubility in
the rumen fluid showed higher organic matter digestibility than diets
containing proteins of low solubility.
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In general, all experimental treatments showed lower organic
matter digestibility than those observed during the adaptation trial
and this is presumably due to the increased dry matter intake observed
during postadaptation.

Church (1976) indicated that digestibility for

the organic nutrients would normally be expected to decline as intake
increases due to more rapid passage through the gastro-intestinal
tract.
Apparent digestibility of th~ crude protein by iambs fed
various sources of supplemental protein is presented in table 10.

All

protein-supplemented lambs showed higher (P<.05) digestibility for
crude protein than did lambs fed the unsupplemented control diet.

In

this regard, Waldo (1968) indicated that with most protein sources for
ruminants the apparent digestible nitrogen was highly and positively
related to the nitrogen level in the diet, while studies carried out
by Hudson et al. (1969) showed an increased protein digestibility when
feeding diets containing 12% crude protein as compared to 10%.
There were no appreciable differences (P>.OS) between sources
of protein in digestibility of crude protein.

On this basis, urea was

essentially equal to soybean meal and corn gluten meal.

Using urea

to furnish one-half of the protein provided by soybean meal or corn
gluten meal did not appear to affect crude protein digestibility.
Similar digestibility v alues were obtained with the combinations as
when each was fed alone.

The complementary effect of urea and corn

gluten meal with respect to nitrogen utilization reported by Klopfenstein
et al. (1974b) was not evident during this trial.

Also, higher protein
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digestibility values reported by Nishimuta et al. (1973) and Wohlt
et al. (1976) when feeding higher soluble protein diets as compared to
proteins of lower solubility were not found during this study.
Crude protein digestibility values obtained during this study
for all treatment groups were lower than those observed during the
10-d adaptation trial.

This lower digestibility might be associated

with the increased feed intake observed during postadaptation.
Prolonged adaptation to the diet might also have influenced the
digestibility values.

In this regard, Nicholson et al. (1956) reported

that digestibility of protein for ruminants decreased as adjustment
periods to the diets were increased in length.

For example, Nicholson

et al. (1956) showed lower crude protein· digestibility coefficients
for steers that had preliminary periods of 30 and 44 d as compared to
those that had 16 d.

However, feed intake data were not taken into

consideration when these conclusions were drawn.
Nitrogen Balance
The effect of protein sources on nitrogen utilization during
postadaptation is shown in table 11.

Lambs receiving protein-

supplemented diets with about 12% protein consumed more feed and thus
more nitrogen per day than lambs fed the unsupplemented control with
about 10% protein.

During postadaptation the lambs consumed higher

amounts of nitrogen daily than during adaptation.

This was a reflection

of dry matter consumed since feed consumption during postadaptation
was at a higher level than during adaptation.

TABLE 11. EFFECT OF VARIOUS SOURCES OF SUPPLEMENTAL PROTEIN ON
NITROGEN UTILIZATION DURING THE TOTAL COLLECTION TRIAL

Item
Dry matter consumed, g/d
Nitrogen balance, g/d
Intake

Control

Soybean
meal

Corn
gluten
meal

844

988

964

Urea
1049

Ureasoybean
meal

Urea-corn
gluten
meal

911

1046

12.8

18.8

18.4

19.8

17.8

20.2

Fecal

6.0

6.4

6.3

6.8

6.0

6.8

Urinary

4.5a

7.0ab

7.6ab

8.6b

6.8ab

7.2ab

Percent of intake
Fecal

46.9

34.1

34.2

34.4

33.7

33.7

Urinary

35.1

37.2

41.3

43.4

38.2

35.6

Retained

18.0a

28.7ab

24.5ab

22.2ab

28.1 ab

30.7b

a b
' Means within rows followed by unlike superscripts differ (P<.OS).
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Only small differences (P>.OS) were observed in the amount of
fecal nitrogen excreted.

Protein supplementation increased excretion

of the urinary loss with the urea group being significantly higher
(P<.OS) than the controls.

Since lambs between treatments consumed

variable amounts of feed and thus protein, it is probably more meaningful
to discuss the nitrogen balance data on the basis of nitrogen retained
as a percentage of the total nitrogen rather than as the absolute
amounts.
A higher fecal nitrogen level expressed as a percentage of the
total nitrog·en consumed was observed for the unsupplemented control as
compared to the

protein~supplemented

groups.

Fecal nitrogen represents

the undigested nitrogen portion and is a reflection of the proteiu
digestibility (table 10).

Differences in fecal nitrogen between the

control and protein-supplemented groups were more apparent than true,
since the rather constant excretion of metabolic fecal nitrogen per
unit of feed consumed makes up a greater proportion of the fecal
nitrogen at low levels of protein intake (Maynard et al., 1979).

Fecal

nitrogen differed only slightly among the lambs fed the various sources
of supplemental protein.

The various sources fed appeared to have no

effect on fecal losses or apparent digestibility.
Urinary excretion as a percentage of the total nitrogen intake
was somewhat higher fo r lambs receiving corn gluten meal or urea
supplements.

Combining soybean meal which is a readily soluble source

with a totally soluble nitrogen source such as urea (Bergen, 1979) did
not affect the urinary nitrogen fraction.

However, when the soluble
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nitrogen source (urea) was combined with corn gluten meal which is a
nitrogen source more resistant to rumen degradation and with poorer
amino acid profile than soybean meal (Wohlt et al., 1973a), the urinary
nitrogen losses were decreased.
Nitrogen retained as a percentage of intake represents the net
utilization.

Control lambs showed the lowest level of nitrogen retained

with the higher fecal loss being the major factor.
in about 37% improvement (P<.05) over controls.

Soybean meal resulted

A higher level of

nitrogen in the diet and a better amino acid profile from soybean meal
would appear to be logical explanations for the improved nitrogen
utilization.
Lambs supplemented with corn gluten meal had higher (P>.05)
levels of nitrogen retained than the unsupplemented control but about
15% less (P>.05) than for the soybean meal group.

The poorer amino

acid profile in comparison to soybean meal and slower rate of degradation in the rumen have been used to explain the reduced efficiency of
utilization (Sniffen et al., 1980).

A lower amount of nitrogen available

to the microbes and proteins of poorer amino acid profile reaching the
lower gut may well be responsible for the increased wastage of nitrogen
(Wohlt et al., 1976) which is evident when observing the higher levels
of urinary nitrogen exhibited by the corn gluten meal group.
Urea totally d void of amino acids and 100% soluble in the rumen
fluid (Bergen, 1979) also showed a decreased nitrogen utilization as
compared to soybean meal.

This lower nitrogen utilization has been

attributed largely to ammonia in excess of that which rumen microbes are
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able to use for protein synthesis and thus increasing wastage of the
absorbed nitrogen (Waldo, 1968).
Urea combined -with soybean meal behaved similarly to the soybean
meal group.

No appreciable changes in nitrogen retained were observed

when compared to soybean meal, indicating that there may have been an
excess of protein in the supplemental diet.

However, when urea was

provided in combination with corn gluten meal, some differences (P>.OS)
which were large enough to be of practical importance were observed.
Urea-corn gluten meal was higher (P<.OS) than the control, but of more
significance was the improvement of about 28% exhibited over the urea
group and about 20% over the corn gluten meal group.

This complementary

effect · obtained when combining a highly soluble nitrogen source with a
more insoluble one has also been reported by Klopfenstein et al. (1974b).
Results obtained during postadaptation showed similar trends
as those obtained during adaptation when averaged over the 10-d trial.
However, nitrogen retention coefficients during postadaptation were
lower than during adaptation.

This decreased nitrogen utilization was

probably related to the decreased efficiency associated with increased
rate of passage which results from increased dry matter intake (Church,
1976).

The improved nitrogen utilization trends due to lower solubility

of proteins reported by Glimp et al. (1967) and Wohlt et al. (1976)
were not observed duri g postadaptation, since soybean meal showed
higher nitrogen retention than the corn gluten meal-supplemented group.
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In general, results observed during postadaptatiGn were lower
than those observed during adaptation, but responses due to nitrogen
supplementation obtained during the 10-d adaptation were also present
in this study.

The better nitrogen utilization exhibited by urea-corn

gluten meal during adaptation was also observed during postadaptation.
However, trends between soybean meal and corn gluten meal were reversed
during this trial while urea behaved similarly in both studies.
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SUMMARY

A feeding trial and two digestion-nitrogen balance trials were
conducted to evaluate commercially available sources of supplemental
protein which differed in protein solubility and amino acid profile in
diets for growing-finishing lambs.

Two hundred forty crossbred ewe and

wether lambs ranging from 26 to 46 kg in weight were fed during the
feeding trial.

The lambs were allotted into five weight groups treated

as replications averaging 37.1, 32.7, 31.9, 31.8 and 29.8 kg.

Within

each weight group, the lambs were allotted to six experimental treatments
(control, soybean meal, corn gluten meal, urea, urea-soybean meal and
urea-corn gluten meal) to give diets varying in protein solubility and
amino acid profile.

Supplemental treatments were fed at a rate of 10%

of total diet dry matter with the other 90% consisting of ground ear
corn as the basal feed.

The control diet contained about 11% crude

protein with protein-supplemented diets about 13%.

Animals were fed

from 50 d (heavier replication) to 99 d (lighter replication) to reach an
average weight of approximately 50 kg at which time they were marketed.
For the first digestion-nitrogen balance trial

(~daptation),

24 wether lambs averaging 32 kg were adapted to a basal diet of 80%
ground ear corn, 10% cane molasses and 10% ground oats straw for 3 wk.
Once adapted to the basal diet, lambs were allotted to six supplemental
treatments as for the feeding trial.

The supplements were added at a 10%

rate in substitution of 10% of the ground ear corn.

Crude protein content

of the control diet was 9.8 and 11.9 to 12.1% for the protein-supplemented
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diets.

Digestibility coefficients and nitrogen balance were determined

daily for 10 d from the initiation of the supplemental feeding.
Following the adaptation trial, an additional 15-d period was
allowed to further adapt the lambs to the supplemental treatments.
After this period, a 5-d digestion-nitrogen balance total collection
trial (postadaptation) was conducted with the same animals used during
adaptation.

For this trial, lambs were averaging about 38 kg and were

previously adapted to the dietary

t~eatments.

Animals were fed as

before at a rate which was predetermined based on the appetite of each
animal.

Data collected during the three trials were analyzed

statistically by using least-squares procedures.
Analysis of the data for the feeding trial showed differences
(P<.01) between weight groups in feed consumption and rate of gain.
Heavier lambs consumed more feed and gained at a faster rate.

However,

there were no effects of weight groups on the response to the various
protein supplements.

Therefore, daily gain and feed intake for protein

supplementation were averaged across weight groups.
Average daily gains for the control, soybean meal, corn gluten
meal, urea, urea-soybean meal and urea-corn gluten meal supplements were
195, 235, 230, 206, 232 and 230 g, respectively.

Soybean meal, corn

gluten meal, urea-soybean meal and urea-corn gluten meal-supplemented
lambs showed higher (P <.05) rates of gain when compared to the controlsupplemented group.

Urea-supplemented lambs gained at a lower rate,

but no initial period of lowered performance during adaptation to urea
was observed.
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Dry matter daily intakes were 1.21, 1.31, 1.30,

1.27~

1.28 and

1. 31 kg, respectively, . for control, soybean meal, corn gluten meal,
urea, urea-soybean meal and urea-corn gluten meal.

Lambs fed the control

diet consumed less dry matter (P<.05) than those fed protein-supplemented
diets, but there were no differences (P>.05) between supplemented groups.
Differences in feed efficiency were mainly a reflection of rate of gain
and the values obtained were 621, 558, 565, 617, 551 and 568 kg of feed
per 100 kg of gain, respectively, for the six supplement groups as
listed priorly.
Performance for soybean meal and corn gluten-meal supplemented
diets to growing-finishing lambs was similar, even though they differed
in amino acid composition and protein solubility.

Urea as the only

supplemental protein to ground ear corn was of questionable value, since
it offered little if any advantage over controls.

Using urea to provide

about one-half of the supplemental protein with soybean meal or corn
gluten meal did not affect the performance of the lambs.

However, the

benefits from urea under these conditions were not determined since
soybean meal or corn gluten meal were not fed at these lower levels
without urea.
Trends found for dry matter and organic matter apparent digestibility during adaptation to the diets were similar with values for
organic matter being s lightly higher.

Pronounced improvements by the

second day were observed for lambs fed soybean meal, urea-soybean meal
and urea-corn gluten meal as compared to the control and corn gluten
meal groups.

After 10 d, all lambs fed supplemental treatments improved
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in digestibility of the organic matter to about the same degree.

There

was no evidence of a need for an adaptation period to urea on the basis
of these data.

When averaged over the 10-d trial, lambs fed. soybean

meal or urea alone or in combination appeared to have slightly higher
digestibility for organic matter than did control lambs or those fed
diets which contained corn gluten meal.
During adaptation, crude protein digestibility was improved
(P<.OS) by lambs fed all the protein-supplemented diets.

Protein

digestibility for the control was 58%, while the supplemental diets
showed values ranging f rom 66.6 to 68.1% with only small differences
between supplemental sources.

This response was shown by a prompt

increase in digestibility for all supplemented treatments by the second
day on experiment with a slight lag in protein digestibility response
for lambs fed corn gluten meal.
Nitrogen balance data indicated that lambs fed the control diet
excreted more fecal nitrogen as compared to the protein-supplemented
lambs, while these lambs had higher levels of urinary nitrogen than the
controls.

However, all protein-supplemented lambs showed higher nitrogen

retained as a percentage of nitrogen intake than the controls.

Percent

nitrogen retained over the 10-d trial for the experimental treatments
in the order listed previously were 23.4, 29.6, 33.6, 28.6, 29.5 and
32.5, respectively.

P~ong

protein-suppl emented diets, lambs fed corn

gluten meal showed higher (P<.OS) nitrogen retained than for lambs fed
urea diets.

Urea supplementation resulted in nearly equal nitrogen

retention as did soybean meal.

When urea was fed combined with soybean
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meal or corn gluten meal, only urea-corn gluten meal-supplemented lambs
showed improvement (P>.05) over the urea alone.

Protein sources of

higher solubility (soybean meal and urea) resulted in lower nitrogen
utilization as compared to sources of lower solubility of proteins
(corn gluten meal).
During postadaptation, all experimental treatment groups showed
increased dry matter intake as compared to adaptation and thus also
showed increased nitrogen intake.

However, digestibility and nitrogen

retention coefficients for lambs during

postadaptatio~

were lower

than for adaptation.
No differences in digestibility of dry matter and organic matter
between treatment groups were observed during postadaptation.

Lambs

supplemented with protein showed greater (P<.05) crude protein digestibility than did the controls during postadaptation.

Protein digesti-

bility for all supplemented lambs ranged from 65.2 to 66.2% with no
differences (P>.05) between protein sources.

These values were about

12 percentage units higher than for controls.
- Lambs fed protein-supplemented diets consumed higher levels of
nitrogen than did the unsupplemented controls due to the higher levels
of protein in these diets and the higher amount of dry matter consumed
by lambs fed supplemented diets.

Fecal nitrogen for lambs fed control

diets was higher than f or protein-supplemented groups.

Urinary loss

was higher for all lambs fed supplemented diets as compared to the
control, with the urea and corn gluten meal groups showing greater losses.
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Nitrogen retained as a percentage of the total nitrogen
consumed for the six experimental treatment groups as listed priorly
were 18.0, 28.7, 24.5, 22.2, 28.1 and 30.7%, respectively.

Even though

all protein-supplemented lambs showed higher levels of nitrogen retained
than the controls, only the urea-corn gluten meal group was significantly
higher (P<.05) than the control.

Nitrogen balance as a percentage of

nitrogen consumed for lambs fed soybean meal, corn gluten meal, urea and
urea-soybean meal were 37.3, 26.5, -18.9 and 35.9%, respectively, over
controls.

These differences, although not significant, can be of

appreciable importance when rating protein sources on the basis of
nitrogen utilization • . Urea-corn gluten meal supplementation during
postadaptation suggested a complementary effect due to the improved
nitrogen retention levels observed as compared to when these sources
were fed alone.
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APPENDIX
TABLE 1. ANALYSIS OF VARIANCE FOR AVERAGE
DAILY GAIN DURING THE FEEDING TRIAL
Source

df

Total
Rep
Trt
Rep x Trt
Error

232
4
5

20
203

Mean squares

.09310946
.05359046
.01659810
.01460595

TABLE 2. ANALYSIS OF VARIANCE FOR AVERAGE
DAILY FEED INTAKE DURING THE
FEEDING TRIAL
Source

df

Total
Rep
Trt
Rep x Trt

29
4
5

20

Mean squares

.084620
.033875
.011032

TABLE 3. ANALYSIS OF VARIANCE FOR FEED/GAIN
RATIO DURING THE FEEDING TRIAL
Source

df

Total
Rep
Trt
Rep x Trt

29
4
5

20

Mean squares

7694.241
4981.792
3319.756
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TABLE 4. ANALYSIS OF VARIANCE FOR % DRY
MATTER DIGESTIBILITY DURING
ADAPTATION TRIAL
Source

df

Mean squares

Total
Trt
Day
Trt X Day
Error

239
5
9
45
180

55.763938
377.58022
15.036206
14. 5029"58

TABLE 5. ANALYSIS OF VARIANCE FOR %
CRUDE PROTEIN DIGESTIBILITY DURING
ADAPTATION TRIAL
Source

df

Mean squares

Total
Trt
Day
Trt x Day
Error

239
5
9
45
180

644.27076
245.60006
21.918355
25.183711

TABLE 6.

Source
Total
Trt
Day
Trt x Day
Error

ANALYSIS OF VARIANCE FOR % ORGANIC
MATTER DIGESTIBILITY DURING
ADAPTATION TRIAL
df

Mean squares

239
5

9
45
180

64.198838
376.84280
14.807967
14.061051
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TABLE 7. ANALYSIS OF VARIANCE FOR GRAMS OF
FECAL NITROGEN/LAMB/DAY DURING
ADAPTATION TRIAL
Source

df

Mean squares

Total
Trt
Day
Trt x Day
Error

239
5
9
45
180

6.8473928
5.7814343
.61702762
1.10051908

TABLE 8. ANALYSIS OF VARIANCE FOR GRAMS OF
URINARY NITROGEN/LAMB/DAY DURING
ADAPTATION TRIAL
Source

df

Mean squares

Total
Trt
Day
Trt x Day
Error

239
5
9
45
180

24.979598
.75154047
.72738156
2.5114004

TABLE 9. ANALYSIS OF VARIANCE FOR GRAMS OF
NITROGEN RETAINED/LAMB/DAY DURING
ADAPTATION TRIAL
Source

df

Mean squares

Total
Trt
Day
Trt x Day
Error

239
5
9
45
180

44.993376
7.4320679
1.5757228
2.1577749
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TABLE 10. ANALYSIS OF VARIANCE FOR % NITROGEN
RETAINED OF TOTAL NITROGEN CONSUMED
DURING ADAPTATION TRIAL
Source

df

Mean squares

· Total
Trt
Day
Trt x Day
Error

239
5
9
45
180

519.82226
300.64843
68.835016
104.81810

TABLE 11. ANALYSIS OF VARIANCE FOR % DRY
MATTER DIGESTIBILITY DURING
POSTADAPTATION TRIAL
Sou1:ee

df

Total
Trt
Error

23
5

18

Mean squares

6.57964588
5.94458012

TABLE 12. ANALYSIS OF VARIANCE FOR % CRUDE
PROTEIN DIGESTIBILITY DURING
POSTADAPTATION TRIAL
Source

df

Total
Trt
Error

23
5

18

Mean squares

110.67127127
11.61366726
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TABLE 13. ANALYSIS OF VARIANCE FOR %
ORGANIC MATTER DIGESTIBILITY DURING
POSTADAPTATION TRIAL
Source

df

Total
Trt
Error

23
5

18

Mean squares

7.46239475
5.86414837

TABLE 14. ANALYSIS OF VARIANCE FOR GRAMS
OF FECAL NITROGEN/LAMB DURING
POSTADAPTATION TRIAL
Source

df

Total
Trt
Error

23
5

18

Mean squares

13.80625613
9.821004]5

TABLE 15. ANALYSIS OF VARIANCE FOR GRAMS
OF URINARY NITROGEN/LAMB DURING
POSTADAPTATION TRIAL
Source

df

Total
Trt
Error

23
5

18

Mean squares

184.30482787
88.79558083
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TABLE 16. ANALYSIS OF VARIANCE FOR GRAMS
OF NITROGEN RETAINED/LAMB DURING
POSTADAPTATION TRIAL
Source

df

Total
Trt
Error

23
5

18

Mean squares

171.87854166
84.98867837

TABLE 17. ANALYSIS _OF VARIANCE FOR %
NITROGEN RETAINED OF TOTAL NITROGEN
CONSUMED DURING POSTADAPTATION TRIAL
Source

df

Total
Trt
Error

23
5

18

Mean squares

109.58512620
119.72008379
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Figure 2.

Daily dry matter intake by lambs during adaptation to various
sources of supplemental protein wit~ ear corn diets.
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Daily apparent digestibility of dry matter by lambs during adaption
to various sources of supplemental protein with ear corn diets.
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Figure 4.

Daily apparent digestibility of crude protein by lambs during
adaptation to various sources of supplemental proteins with
ear corn diets.
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Figure 5.

Daily apparent digestibility of organic matter by lambs during
adaptation to various sources of supplemental protein with
ear corn diets.
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Daily total nitrogen consumed by lambs curing adaptation to
various sourcas of supplemental protein with 'ear· corn diets.
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Figure 8.

Daily urinary nitrogen of lambs during adaptation to various
sources of supplemental protein with ear corn rations.
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Daily nitrogen retained by lambs during adaptat ion to various
sources of supp l emental protein wit h ear corn d i ets.
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Daily percent of nitrogen retained of the total nitrogen consumed
by lambs during adaptation to various sources of supplemental
protein with ear corn diets.

